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ABSTRACT
Some e ffe c ts  o f N -(3 ,4-d ichlorophenyl) methacrylamide (d ic ry l)  on 
corn were in v e s tig a te d . D icry l caused a  s l ig h t  reduc tion  in  leng th  o f 
corn c o le o p tile s  while IAA caused an app reciab le  in c re a se  in  e longation . 
The herb ic ide  had no in flu en ce  on e lo n g a tio n  o f c o le o p tile s  which were 
a lso  t re a te d  w ith  IAA* I t  was found th a t  both ro o ts  and shoots were 
a ffe c te d  when d ic ry l  was app lied  to  ro o ts  o f corn.
P lan t m ateria l fo r  th e  rem ainder o f th e  in v e s tig a tio n  was obtained 
by t r e a tin g  5 to  6 day old corn seed lings which were grown in  s o i l  in  
m etal f l a t s  w ith 0 and 3 lb/A d ic r y l .  I t  was found th a t  d ic ry l  caused 
a sudden decrease in  th e  r e s p ira t io n  of corn  l e a f  t i s s u e .  The r a te  of 
r e s p ira t io n  o f co n tro l t is s u e  s te a d i ly  decreased during th e  te s t in g  
p erio d . Low r a te s  o f DNP caused s tim u la tio n  of r e s p ira t io n  while 
h igher r a te s  caused In h ib it io n . T reated t is s u e  was much more se n s it iv e  
t o  DNP than  co n tro l t i s s u e .
Phenol oxidase was th e  most a c tiv e  o f  th e  te rm in a l ox idases. Nega­
t i v e  r e s u l ts  were obtained fo r  th e  p a r t ic ip a tio n  o f th e  cytochrome system 
in  th e  re s p ira t io n  o f corn . Homogenates from corn t is s u e  re a d ily  oxidized 
asco rbate  but th o  ox idation  was thought to  be o f a nonensymatic na tu re .
D icry l caused l i t t l e  e f fe c t  on th e  a c t iv i ty  o f c a ta la s e  2 days a f t e r  
trea tm e n t, but 6 days a f te r  trea tm en t i t  caused a $0 per cen t reduction  
in  a c t iv i ty .  The herb ic ide  had e s s e n t ia l ly  th e  same e f f e c t  on peroxidase 
and g ly co lic  ac id  oxidase a c t iv i ty .
Three to  U days a f te r  com  was tr e a te d  w ith d ic ry l  th e re  was a 
sudden increase  in  the  ox idation  of a sco rb ic  acid  which continued to
v i i i
r i s e  throughout th e  te s t in g  period* The ox idation  o f ascorbate  by homo­
genates frost both contro l, and t r e a te d  t i s s u e  was s l ig h t ly  increased  by 
b o ilin g  as w ell a s by th e  ad d itio n  o f  CuSO^. Heavy m etal in h ib ito rs  
a ffe c te d  th e  ox idation  o f  ascorbate. very l i t t l e > however, iodoacetate  
caused considerab le  in h ib i t io n .  The batch  treatm ent o f supernatan ts 
w ith  a c a tio n  exchange r e s in  had l i t t l e  o r no e ffe c t 'o h  th e  oxidation 
o f  asco rba te  and th e  p o s s ib i l i ty  o f asco rba te  serv ing  a s  a  source o f 
e le c tro n s  fo r  th e  red u c tio n  o f  quinones proved n eg a tiv e . I t  was a lso  
determ ined th a t  n e ith e r  dehydroascorbate nor hydroquinone could su b s ti­
t u t e  fo r  asco rba te .
D ia ly s is  s tu d ie s  in d ica ted  considerably  more n itrogen  was l o s t  from 
d ialyzed  tre a te d  th a n  from d ialyzed  co n tro l su perna tan ts . When homoge- 
n a te s  were fra c tio n a te d  by c e n tr ifu g a tio n , i t  was found th a t  considerably 
more n itro g e n  was p re c ip ita te d - in  c o n tro l than  in  tre a te d  homogenates.
I n  th e  same experiment i t  was found th a t  c e n tr ifu g a tio n  had l i t t l e  e ffe c t 
on th e  ox idation  o f  a sco rb a te .
Some o f th e  techn iques u t i l iz e d  in  th e  in v e s tig a tio n  were checked 
on cucumber ascorb ic  ac id  oxidase. The ox id a tio n  o f asco rbate  by cucum­
ber e x tra c t  could be in h ib ite d  by b o ilin g  and by 0 .2  nM d ieca .
The ox idation  o f  asco rba te  was a ffe c te d  very  l i t t l e  when a lan in e , 
a sp arag in e , and glutam ine were added to  homogenates a t  low concentra­
t io n s  but a t  high concen tra tions (0.1M) glutam ine and asparagine caused 
some in h ib it io n . The e f fe c t  o f g lu ta th io n e  on th e  ox idation  of ascorbate  
was th e  same as th a t  encountered w ith  th e  h igher concentrations o f amino 
a c id s .
Supernatants (1 ,000 xg) from homogenates were frac tio n a te d  by th e  
use o f a  column o f c e l i t e .  Some f r a c t io n s ,  which were o f a brownish 
c o lo r , oxidized a sco rb a te  q u ite  ra p id ly . The color was separated from
ix
a sc o rb a te  a c t iv i ty  by chromatography on a  98 per cent c e l i t e  -  2 per cent 
ch arco a l column. Copper g re a tly  increased  th e  ox idation  of a sco rb a te  in  
a l l  f ra c tio n s  from th e  c e l i t e  -  charcoal column except th e  ones which 
e x h ib ite d  ascorbate  a c t iv i ty  p r io r  to  th e  a d d itio n  o f copper and th e  
ones which contained th e  brown co lo r.
x
INTRODUCTION
Due to  th e  ever Inoreasing  cost o f labo r nor© e f f ic ie n t  farming 
methods and techniques have been developed. As a r e s u l t  th e  l a s t  
decade has seen th e  science o f  ehaa lca l weed co n tro l grow trem endously. 
Numerous h e rb ic id es  a re  now on th e  market fo r  various types o f weed 
c o n tro l . These h erb ic id es have been developed so ra p id ly  th a t  th e re
has no t been a  s u f f ic ie n t  amount o f  basic  research  done on many o f
0*
them. The gross m orphological e ffe c ts  o f most o f  these  h e rb ic id e s , 
however, have been stud ied  and.measured. I t  i s  known ra th e r  accu ra te ly  
how most h e rb ic id es  w il l  a f fe c t  th e  ex te rna l ch arac te rs  of p la n ts , but 
th e  knowledge about how any given herb ic ide  w i l l  a f fe c t  a given p lan t 
th e  way i t  does i s  very l im ite d .
The purpose o f t h i s  in v e s tig a tio n  was to  ob tain  some inform ation 
on th e  e f fe c ts  o f N -(3,4-dichlorophenyl) methacrylamide (d ic ry l)  on
er
th e  growth and some o f th e  common enzyme syatams of corn . This study 
was designed to  follow  very c lo se ly  th e  work by Bingham (i960) who 
measured some of th e  e f fe c ts  o f d ic ry l  on th e  cotton  p lan t*
Since co tton  i s  r e la t iv e ly  to le ra n t  to  th e  h e rb ic id e  and corn i s  
r a th e r  s e n s i t iv e ,  i t  was hoped by comparing th e  r e s u l ts  of th ese  s tu d ies  
th a t  some in s ig h t might be gained as to  th e  nature' of th e  mechanism of 
a c tio n  of t h i s  h e rb ic id e . In  ad d itio n  to  th e  inform ation obtained on 
th e  mechanism o f  ac tio n  o f d ic ry l ,  i t  i s  hoped th a t  some o f th e  techniques 
u t i l i s e d  in  t h i s  study w il l  a ls o  be u se fu l fo r  fu tu re  s tu d ies  o f a s im ila r  
n a tu re .
LITERATURE REVIEW
E ffe c ts  of D icry l on P lan ts
P o rte r  e t a^» (I960) reported  prcadsing re s u l ts  fo r  th e  use o f  
N-(3,A-dichlorophenyl) methacrylamide (d ic ry l)  a s  a p o te n t ia l  p o st­
emergence herb ic ide  fo r  use in  cotton* These workers found when 
sprays o f d ic ry l  were sem i-d irected  under th e  cotyledons of young 
c o tto n , maximum weed co n tro l would be obtained w ith l i t t l e  in ju ry  to  
th e  co tto n . I t  was a lso  determined th a t  th e  most e f fe c tiv e  r a te  o f 
d ic ry l  was 3 to  4 l / 2  lbs/A  app lied  in  two a p p lic a tio n s .
Moreland and H ill  (I960) repo rted  th a t  d ic ry l  caused a  50 per 
cent in h ib i t io n  of th e  H il l  reac tio n , in  iso la te d  tu rn ip -g reen  ch lo ro - 
p la s ts  a t  concentra tions below 10“^ M.
Bingham (I960) and Bingham and P o rte r  (1960a) have reported  some 
e f fe c ts  o f d ic ry l  on ea rly  growth and development o f  cotton* These 
workers found th a t th e  development o f cotyledons and t r u e  leaves was 
markedly suppressed by d ic ry l  trea tm en t. The maximum suppression o f 
cotyledon weight was obtained when tre a te d  a t th e  onset o f most rap id  
growth* Bingham (I960) a lso  repo rted  th a t  due t o  d ic ry l  trea tm en t th e
L
n itro g en  content in  cotyledons did  not decrease as i t  did in  th e  
contro l*
D icryl was found to  suppress th e  elongation caused by IAA in  
co tton  hypocotyls (Bingham, I9 6 0 ). Bingham a lso  stud ied  th e  e f fe c ts  
o f  d ic ry l  and IAA on th e  ro o ts  o f cotton* He found th a t  both o f 
th e se  compounds caused a reduction  in  elongation  of ro o ts .  From th ese  
r e s u l t s ,  he concluded th a t  d ic ry l could possib ly  a c t as a weak aux in .
Bingham (I960) and Bingham and P o r te r  (1960b) hare a lso  repo rted  
some e f fe c ts  o f  d ic ry l on c e r ta in  r e s p ira to ry  enzymes o f cotton* These 
workers found th a t  re s p ira t io n  of co tto n  cotyledons declined  during 
th e i r  developing period and d ic r y l  caused only a s l ig h t  decrease in  
r e s p ira t io n  o f  th ese  cotyledons* Bingham found th a t  asco rb ic  ac id  
oxidase was very  a c tiv e  in  th e  co tto n  p la n t w hile th e re  was l i t t l e  or 
no cytochrome oxidase a c tiv ity *  Phenol oxidase a c t iv i ty  was in te rm ed ia te  
between ascorb ic  acid  and cytochrome oxidase* The most s ig n if ic a n t  
e f fe c t  o f d ic ry l  found on these  oxidases was a reduction  in  ascorb ic  
ac id  oxidase ac tiv ity *
Funderburk and P o rte r  (I960) in v e s tig a te d  th e  ox idation  of 
ascorb ic  ac id  by co n tro l and d ic ry l  t re a te d  corn tissu e*  They found 
th a t  ascorb ic  acid  was oxid ised  a t  th e  same r a te  by both t is s u e s  
u n t i l  3 to  U days a f te r  treatm ent a t  which tim e th e  tre a te d  t is s u e  
s ta r te d  oxidizing asco rb ic  ac id  a t  a  much h igher ra te*
A possib le  te rm ina l ox idation  system contain ing  g ly co lic  ac id  
oxidase was a lso  in v es tig a ted  by Bingham (i9 6 0 ). He presented  evidence 
th a t  th i s  enzyme was very  a c tiv e  in  co tton  t is s u e  and d ic ry l  had no 
apparent e ffe c t on i t s  a c tiv ity *  He a lso  found th a t  c a ta la se  and
« .4 j
peroxidase a c t iv i ty  remained constan t fo llow ing d ic ry l  treatm ent while 
i t  increased  in  co n tro l tissue*
Ascorbic Acid Oxidase and Ascorbic Acid
Szent-Gyorgyi (1930) repo rted  th a t  cabbage leaves contained an 
enzyme "hexoxLdase" which ca ta lysed  th e  d i r e c t  aerob ic  ox idation  o f 
"hexuronic" acid* When "hexuronic" ac id  was id e n t i f ie d  a s  L -ascorb ic  
a c id , the  enzyme became known as ascembic a c id  oxidase* Dawson (1950) 
found th a t  e le c tro p h o re tic  and u l tra c e n tr ifu g e  d a ta  were in  good
agreement w ith  th e  view th a t  asco rb ic  ac id  oxidase i s  a  sp e c if ic  copper 
p ro te in  having a m olecular weight o f about 150,000 and oont&ining s ix  
copper atoms per molecule* According to  Mapson (1958), t h i s  enzyme i s  
u su a lly  considered to  be soluble* Way good (1950), Newcomb (1951), And 
Bingham (I9 6 0 ), however, have shown th a t  a sco rb ic  ac id  oxidase i s  a s­
so c ia ted  w ith  th e  " c e l l  w all"  f ra c t io n  in  wheat, tobacco p i th  c e l l s ,  
and cotton* Mapson (1958)/ rep o rted  th a t  un like  o th er copper p ro te in s , 
a sco rb ic  ac id  o x id a a e is  very  su b s tra te  s p e c if ic .
Ascorbic a c id , th e  su b s tra te  fo r  ascorb ic  acid  ox idase, occurs 
a s such and iu  i t s  oxidized form dehydroascorbic ac id  in  n ea rly  a l l  
p lan t t i s s u e s ,  but i t s  concen tra tion  w ith in  d if fe re n t  t is s u e s  of th e  
Same p la n t v a rie s  over a  wide range (Kapson, 1958). Mapson reported  
th a t  w ith in  th e  s in g le  p la n t asco rb ic  ac id  i s  mainly concentrated in  
reg ions o f  high m etabolic  a c tiv ity *
A scorbic ac id  i s  no t au to x id izab le  w ith in  th e  physio log ica l range 
o f pH, so c a ta ly s ts  a re  e s s e n t ia l  fo r  ary  rea c tio n  between i t  and oxygen 
(Mapson, 1958)* Ascorbic ac id  ox idase, th e  main c a ta ly s t  fo r  th i s  oxida 
t io n ,  has been mentioned above* Mapson (1958) reported  th a t  polyphenol- 
ox idase, la e c a se , cytochrome ox idase, and peroxidase w il l  a ls o  cata lyze  
th e  o x id a tio n  o f asco rb ic  acid*
There cure two re p o r ts  o f a ty p ic a l ascorb ic  ac id  oxidases* One 
was found to  occur in  Mvrotheciu* v e rru c a ria  by Mendels (1953) and 
a  s im ila r  one in  Phrsarum polrcephalun by Ward (1955). Mandela used 
spores o f f e o k t e j f l B  «  a source o f asco rb ic  ac id  oxidase.
He repo rted  th a t  th e  enzyme was loca ted  a t  the  su rface  o f th e  spores 
s ince  i t  was in a c tiv a te d  a f t e r  a  30 second exposure to  0*1 N HC1* He 
found th a t  exposures to  th e  -acid fo r  as long as 40 minutes had only 
very  l i t t l e  e f fe c t  on re s p ira t io n . Mandels repo rted  th a t  th e  enzyme
was r e s i s ta n t  to  cyanide, a s id e , s u lf id e , d ie c a , phenylth iourea, and 
6-hydroxyquinoline; hovrerer, i t  was e a s i ly  in ac tiv a te d  by boiling*
This enzyme was a ls o  s p e c if ic  fo r  L -ascorbic  acid  and would not 
o x id ise  D -arabo-ascorbic a c id  as w i l l  th e  a sco rb ic  acid  oxidase from 
cucumber (Snow and Z ilv a , 1936)*
Ward (1955) used th e  m ycelia o f Phvaarum polvcephalua as a source 
o f  h is  a ty p ic a l asco rb ic  ac id  oxidase* This enzyme appeared to  be s im ila r  
to  th e  one Mandela (1953) repo rted  on w ith th e  exception th a t  i t  would 
o x id ize  both L and D forms o f asco rb ic  acid*
There a re  references in  th e  l i t e r a t u r e  to, th e  in h ib itio n  o f 
a sco rb ic  acid  oxidase by n a tu ra lly  occurring  substances* Damordaran 
and N air (1936) iso la te d  a tan n in  from th e  Ind ian  gooseberry, Phvllanthus 
em blica. which in h ib ite d  th e  oxidation  of asco rb ic  acid  in  th e  p ress 
ju ice*  Since th e  p ro te c tiv e  e ffe c t o f t h i s  substance could be 
"overridden" by th e  a d d itio n  o f Cu, th ey  concluded th a t  i t s  ac tio n  
depended on th e  suppression of m etal c a ta ly s is*  On th e  o th e r hand, G iri 
and Krishnamurthy (1940) separated  a substance from th e  ju ic e s  of 
Cucumis s a t iv u s . C ucurbits maxima, and Luffa acutangula which prevented 
th e  ox idation  o f ascorb ic  ac id  even in  th e  presence of Cu*
Hooper and Ayres (1950) have found th a t  black c u rra n ts , a f r u i t  
in  which ascorb ic  acid  i s  remarkably s ta b le , contained a substance 
which in h ib ite d  th e  ox idation  o f  ascorb ic  acid  by the  polyphenolase 
system o f apples* The p ro te c tiv e  a c tio n  was found to  be a sso c ia ted  
w ith  a rod pigment and a yellow  pigment* Jackson and Wood (1959) have 
rep o rted  re c e n tly  on th e  presence o f substances in  ro se  h ip s , Rosa 
can ina. which in h ib ite d  th e  ox idation  o f asco rb ic  ac id . These workers 
found th e re  was a marked reduction  in  th e  oxidation  o f ascorb ic  acid  
caused by th e  ro se  h ip  e x tra c t in  th e  follow ing ox id iz ing  systems;
cau liflow er asco rb ic  ac id  oxidase, apple polyphenolase, ho rserad ish  
perox idase , and CuSO^. Jackson and Wood (1959) rep o rted  th e re  were 
two substances which caiiaed In h ib it io n , and in  paper chromatographic 
s tu d ie s  one o f these  remained a t  th e  s ta r t in g  po in t w hile th e  o th er 
one had an Rf value o f  0.5*
In a c tiv a tio n  o f ascorb ic  acid  oxidase during th e  progress o f th e  
ox idation  o f asco rb ic  ac id  has been noted by Jos©low and Dawson (1951b). 
This in a c tiv a tio n  has been explained as re s u l tin g  from two causes:
(a) in a c tiv a tio n  due to  enviornmental conditions during  th e  re a c tio n , 
p ro te c tio n  a g a in st which was afforded  by in e r t  p ro te in s  such as egg 
albunen and g e la t in ,  and (b) in a c tiv a tio n  due to  some fa c to r  inheren t 
in  ascorb ic  ac id -asco rb ic  acid  oxidase re a c tio n  se n s it iv e  only to  
haem contain ing  p ro te in s , such as c a ta lase  or peroxidase. Frieden 
(1953) showed th a t  th e  a c tiv a tin g  and p ro te c tiv e  in fluence  o f thyroxine 
on th e  enzyme reported  by Geemill (1951) was not sp e c if ic  but was shown
t
by any e ffe c tiv e  cupric ion ccmplarcers such as ethylenediam ine t e t r a -  
a e e tic  a e id , cyanide, d ie thy ld ith iocarbam ate , c y s te in e , and o th er amino 
a c id s . Mapson (1958) repo rted  th a t  chemical compounds which a c t iv a te  
o r p ro tec t th e  enzyme, o r both , can be divided in to  two groups: (a)
those  which a c t iv a te  o r p ro tec t a t  a l l  co n cen tra tio n s, and (b) those 
which p ro tec t a t  low concen tra tions but in h ib i t  a t  h igher concentra­
t io n s .  The f i r s t  group include ethylenediam ine te t r a a c e t ic  a c id , 
c y s te in e , n uc le ic  a c id , n u c le o tid e s , and p ro te in s  and th e  second i s  
comprised o f cyanide, d ie th y ld ith io ca rb ao a te  and 6-hydroxyquinoline. 
These l a t t e r  s tim u la te  th e  a c t iv i ty  a t  le v e ls  o f 10“’̂  to  10*^ M but 
in h ib i t  a t concen tra tions o f 10**  ̂M or h igher. Frieden (1957) ob­
served th a t  th e  enzyme was s e n s itiv e  to  organic m ercuria ls and th e  
re s u l t in g  in h ib i t io n  could be reversed  by e i th e r  cy ste ine  or reduced
g lu ta th io n e , which le d  him to  suggest th a t  i t  was a su lfh y d ry l dependent 
enzyme.
Joselow and Dawson (1951a) found th a t  th e re  was an exchange o f
ra d io a c tiv e  Cu ion w ith th a t  o f th e  enzyme during th e  course o f  th e
re a c tio n . This find ing  c o n fin e d  th e  fa c t th a t  in a c tiv a tio n  o f th e
enzyme was not due to  a  lo s s  o f Cu.
Kapson (1953) reported  th a t  ascorb ic  acid  and dehydroascorbic 
a c id , th e  oxidised form o f ascorb ic  a c id , a re  in te rc o n v e r tib le  in  
p la n t t i s s u e s .  He i s  o f th e  opinion th a t  th e  concen tra tion  of dehydro­
asco rb ic  ac id  in  fresh  t is s u e  i s  o f th e  order o f 5 per cent o r le s s  of 
th e  t o t a l  asco rb ic  ac id  con ten t. He fu r th e r  s ta te d  th a t  t h i s  balance 
in  the  p lan t c e l l  may be d istu rbed  by a number o f fa c to rs  such as:
(a ) mechanical damage, (b) ac tio n  o f substances causing c e l lu la r  d is ­
o rg an isa tio n , o r (c) by th e  ac tio n  o f  sp e c if ic  enzymic poisons.
At th e  p resen t tim e th e re  i s  much controversy over th e  p o s s ib i l i ty
th a t  ascorb ic  ac id  oxidase may ac t a s a te rm ina l ox idase. Of th e  th re e
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ox idases, ascorb ic  ac id  oxidase, cytochrome ox idase, and polyphenoloxidase 
James and h is  co lleagues (1953* 1955) were ab le  to  dem onstrate only th e  
f i r s t  in  10 to  17 day-old barley  ro o ts .  During th e  development o f these  
ro o ts  th e re  appeared to  be a gradual replacement o f cytochrome oxidase 
by asco rb ic  acid  ox idase , as evidenced by th e  f a l l  in  s e n s i t iv i ty  o f 
th e  r e s p ira t io n  to  CO and a r i s e  in  s e n s i t iv i ty  towards sodium d ie th y l-  
d ith iocarbam ate which pointed to  a p rogressive  change from an iro n  
catalyzed  to  a copper catalyzed  system . These conclusions can be ques­
tioned  on th e  basis  o f c o n flic tin g  rep o rts  on th e  s e n s i t iv i ty  o f  ascorb ic  
a c id  oxidase to  CO (Kapson, 1953).
Through th e  use of severa l in h ib i to r s ,  Farkas and K ira ly  (1955) 
and K ira ly  and Farkas (1957) reached the  conclusion th a t  cytochrome
oxidase was th e  main term ina l oxidase in  h ea lth y  wheat leaves , but in  
leaves in fec ted  w ith stem r u s t ,  th e  enhanced re s p ira to ry  a c t iv i t y  became 
h igh ly  se n s it iv e  to  copper ch e la tin g  agents and was p a ra lle le d  by an 
in crease  in  aseo rb ic  acid  oxidase a c tiv ity *  These au thors suggested 
th a t  ascorb ic  acid  oxidase may be p resen t in  h ea lth y  p la n ts  in  an in ­
a c tiv e  s ta te  but only becomes o p era tiv e  in  in fec te d  p la n ts  and i s  th e  
term ina l oxidase o f th e  p a r a s i t lc a l ly  s tim u la ted  re s p ira t io n .
Thlmann e& aj.. (1954) have o ffe red  evidence th a t  asco rb ic  ac id  
oxidase i s  not o f major Importance as a te rm ina l oxidase on th e  b a s is  
o f  th e  low a f f in i ty  o f th e  enzyme fo r  oxygen* .. Bonner (1957) concluded 
from th i s  inform ation th a t  th e  g en era l th e s is  o f th e  p a r t ic ip a tio n  of 
a sco rb ic  acid  oxidase in  ca ta ly z in g  th e  tra n s p o rt  o f e lec tro n s  to  
m olecular oxygen in  p lan t t i s s u e  must be abandoned* Mapson (1953) i s  
o f th e  opinion th a t  th i s  would be t ru e  only i f  th e  oxidase catalyzed  
th e  r a te  lim itin g  step  a t  a l l  oxygen te n s io n s , and th is  seems u n lik e ly  
in  view of our knowledgo th a t  th e  adenosine tr ip h o sp h a te  (ATP) tu rnover 
probably governs th is  phenomenon*
Mapson (1953) concluded th a t  a t  th e  p resen t tim e i t  i s  s t i l l  
u n certa in  whether ascorbic acid  oxidase ever functions as a te rm ina l 
oxidase. He fu r th e r  s ta te d  th a t  most observers would agree th a t  th e  
major term inal oxidase in  p la n ts  g e n e ra lly  i s  cytochrome ox idase, but 
th e  evidence does not exclude th e  p o s s ib i l i ty  th a t  in  some t is s u e s  a t  
d i f fe re n t  stages o f development o r under c e r ta in  envioram ental or 
pa tho log ica l conditions p a r t  of th e  re s p ira t io n  may be mediated v ia  
asco rb ic  ae id  oxidase*
Mapson (1953) has reviewed th e  p o s s ib i l i ty  of a seo rb ic  acid  
function ing  in  re s p ira t io n  in  an e le c tro n  t r a n s fe r r in g  system* Such 
a system involving triphosphopyrid ine n u c leo tid e  (TPN) and reduced
g lu ta th ione  was demonstrated in  pea seed e x tra c ts  by Mapson and Goddard 
(1951). E x trac ts  from t h i s  t i s s u e  contained both m alate and i s o c i t r a t e  
dehydrogenase aniymes which reduce TPN, to g e th e r  w ith  g lu ta th io n e  and 
dehydroascorbic acid  thus fom ing  ox id ised  g lu ta th io n e  and ascorb ic  acid* 
Mapson and Moustafa (1956) have extended th i s  work w ith pea seed lings 
and shown th a t  hydrogen was tra n s fe rre d  from su b s tra te s  o f  TPN linked  
dehydrogenases to  m olecular oxygen. The enzymes concerned in  t h i s  
pathway included dehydrogenase enzymes, g lu ta th io n e  redue tase , 
dehydroascorbic ac id  reduc tase , and asco rb ic  aeid  ox idase. From th e  
evidence a v a ila b le  a t  the  p resen t tim e, Mapson (1958) concluded th a t  
i f  asco rb ic  ac id  a c ts  as a  re s p ira to ry  c a r r ie r  vivo i t  i s  positioned  
between e ith e r  DPN o r  TPN and th e  term inal oxidase*
The e ffe c t  o f ascorb ic  ac id  as a hydroxylatlng agent in  sco rbu tic  
anim als has been known fo r  some tim e (Sealock and S i lb e r s te in ,  1939)*
When ty ro s in e  was adm inistered to  sco rbu tic  guinea p ig s , p-hydroxyphenyl 
pyruvic and p-hydroxyphenyl l a c t i c  acids were recovered from th e  u r in e , 
hut th ese  compounds were not seen if . asco rb ic  acid  was given sim ultane­
ously w ith th e  ty ro s in e .
Udenfriend e^ a^ . (1954) and Brodie e£ a^ . (1954) found th a t  a 
model system co n sis tin g  o f asco rb ic  a c id , i ro n , and oxygen could ca ta lyze  
th e  hydroxylation o f  many arom atic compounds. This re a c tio n  was not 
s p e c if ic  fo r  L -ascorb ic  ac id  since  dehydroascorbic a c id , d iketogu lon ic  
a c id , dihydroxymaleic a c id , a llo x an , and severa l o th er compounds could 
rep lace  th e  v itam in . The exact n a tu re  o f th e  hydroxylating agent i s  
not known. Udenfriend e t  a ^ . (1954) obtained evidence th a t  i t  was not 
due to  any o f  th e  c o n s titu en ts  o f th e  model system* These workers con­
cluded th a t  hydroxylation appeared to  be mediated through a rea c tio n  
product o f hydrogen peroxide w ith ascorb ic  a c id . Mapson (1958) repo rted
t h a t  a t  p resen t th e re  i s  no evidence of th e  ex istence  of any hydroxylat- 
ing  enzyme in  p la n ts  which req u ire s  asco rb ic  acid  fo r  i t s  a c t iv i ty ;  
however, th e  p o s s ib i l i ty  of such a system as described  above p a r t i c i ­
p a tin g  in  m elanin form ation and in  th e  production o f many phenolic 
d e riv a tiv e s  in  p lan ts  i s  obvious.
Phenol Oxidase
Bonner (1957) used the  name "phenol oxidase" to  include a l l  
term inology which described  th e  enzyme th a t  ca ta ly ses th e  oxidation  
o f  mono- and o rth o - d ipheno lic  substances. T herefore, ty ro s in ase , 
polyphenol oxidase, "DOPA ox idase", po tato  oxidase, catechol oxidase, 
e t c . ,  a re  covered in  th e  generic  term  phenol oxidase.
The f i r s t  rep o rt o f phenol oxidase was made by Boswell and 
W hiting (1938). These workers added catechol to  re s p ir in g  po tato  
s l ic e s  and found th a t  th e re  was marked incroase  in  oxygen up take.
They concluded th a t  phenol oxidase was involved in  approxim ately two- 
th ir d s  o f th e  t o t a l  re s p ira t io n  of potato  tu b er s l ic e s .
Bonner (1957) reported  th a t  in  sp ite  o f continued in te r e s t  in  th e  
enzyme throughout a g rea t many y e a rs , th e  presen t-day  knowledge con­
cerning th e  p ro p e rtie s  o f phenol oxidase i s  d is tre s s in g ly  sm all. The 
enzyme has been reported  from various sources (Bonner, 1957); however, 
i t  v a rie s  somewhat as to  co lor and to  copper co n ten t. Bonner (1957) 
i s  o f th e  opinion th a t  reg a rd less  o f  these  v a ria tio n s  there  can be no 
q uestion  th a t  i t  i s  th e  same enzyme in  a l l  cases. H a lle te  £ t  a^. (1948) 
found th a t  th e  h ighly  p u r if ie d  enzyme had a  m olecular weight of 100,000, 
a f ig u re  which corresponds to  a copper content o f four atoms o f copper 
per mole.
Bonner (1957) reviewed th e  l i t e r a tu r e  on whether phenol oxidase
catalyzed  only th e  ox idation  o f  monophenols o r ortho-d iphenols or bo th . 
He concluded th a t  th e  m a jo rity  o f the  inform ation favored th e  l a t t e r  
p o s s ib i l i ty .
I t  has been known fo r  some tim e th a t  t h i s  enzyme was in  p a rt 
resp o n sib le  fo r  th e  darkening o f p lan t t i s s u e s .  Lam er and F itz p a tr ic k  
(1950) worked out th e  pathway o f  m elanin form ation and demonstrated 
e x ac tly  where phenol oxidase functioned in  th e  system.
Cytochromes
The presence o f  cytochromes in  h igher p la n ts  has been known fo r  
some tim e (K e ilin , 1925). H il l  and H artree (1953)* H artree (1953)> and 
Smith and Chance (1958) have a l l  published extensive and c r i t i c a l  
review  a r t i c l e s  on cytochromes in  p la n ts . The cytochrome system i s  
considered by some to  be th e  only term inal oxidase system which 
opera tes J.n p lan t tis su e }  however, Smith and Chance (1958) repo rted  
th a t  i t  i s  not always c le a r  what i s  meant by th e  term "term inal ox idase"• 
They s ta te d  th a t  p o ss ib ly  one ox idative  pathway may be th e  one which 
functions in  energy-y ield ing  re a c tio n s , w hile o ther oxidases have syn­
th e t ic  o r o th er fu n c tio n s .
Smith and Chance (1958) repo rted  th a t  th e re  i s  abundant evidence 
fo r  cytochrome oxidase in  homogenates of many p lan t t is s u e s  and i t  
has a lso  been repo rted  to  be lack ing  fo r  some. They p o in t out th a t  th e  
assay  fo r  cytochrome oxidase i s  fraught w ith  d i f f i c u l t i e s .  H il l  and 
H artree (1953) have poin ted  out some o f th e  d i f f i c u l t i e s  in  using 
manometrie techniques fo r  cytochrome oxidase assay  in  p lan t homogenates.
The cyanide r e s is ta n t  re s p ira t io n  found in  th e  spadix o f Arum 
i s  a ty p ic a l  example o f th e  complexity of th e  cytochrome system, James 
and Beevers (1950) repo rted  th a t  th e  excep tionally  high r a te  o f
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in s p ira t io n  in  Arum spadix  was in se n s itiv e  to  cyanide whereas r e s p ira t io n  
in  a l l  o ther p a r ts  o f th e  p lan t was low and could be markedly in h ib ite d  
by cyanide. Janes and Beevers (1950) concluded from th is  inform ation 
th a t  a flav o p ro te in  could be th e  major te rm ina l oxidase.
Hackett and Simon (1954) found th a t  p a r t ic le s  o f th e  Aroid spadix 
could ox id ise  succina te  and a lp h a -k e to g lu ta ra te . At th is  po in t they  
began to  suspect th a t  f lav o p ro te in s  were not th e  term ina l oxidase as had 
been proposed. Bendall and H i l l  (195b) were a b le  to  determ ine th e  pre­
sence o f cytochromes a ,  b , and c in  th e  Aroid spadix . The cytochrome b
i"**
th ese  workers found was d if fe re n t  from th e  normal cytochrome b and they 
labe led  i t  cytochrome b y .  Bendall and H il l  (195b) determined th a t  th i s  
cytochrome by was p resen t only in  th e  s t e r i l e  p o rtion  of th e  flow er and 
th e  remainder o f th e  p lan t contained th e  normal cytochrome b . Hackett 
and Haas (1953), and Chance and Hackett (1959) have repo rted  the  find ing  
o f cytochrome b y  in  Aroid spadix. At th e  p resen t tim e these  workers 
a re  a l l  in  agreement th a t  th e  cyanide* r e s is ta n t  re s p ira t io n  in  th e  Arum 
spadix i s  mediated througn cytochrome b y .
C atalase  and Peroxidase
C atalase  i s  a m eta lio p ro te in  enzyme w ith hamatin as i t s  p ro s th e tic  
group. This enzyme ca ta lyzes th e  decomposition of hydrogen peroxide to  
w ater and m olecular oxygen (Lardy, 1950). I t  i s  believed th a t  t h i s  enzyme 
i s  o f wide spread occurence. Bonner (1950) reported  th a t  c a ta la se  i s  
found in  a l l  h igher p la n ts  and Clayton (1959) has rec en tly  e x tra c ted , 
p u r if ie d , and charac terized  c a ta la se  from th e  bacterium , Rhodopeeudoaonas 
spheroldes.
C atalase  was c ry s ta l l iz e d  fo r th e  f i r s t  tim e by Sumner and Bounce 
(1937) from beef l iv e r ;  i t  was th e  f i r s t  enzyme containing iro n  to  be
is o la te d  in  a c ry s ta l l in e  form* Simmer and Dounce found th a t  th e  enzyme* 
contained 0 ,1  per cent iro n  and i t s  i s o e le c t r ic  po in t was found to  be 
a t  pH 5 .7 .
In  regards to  th e  e f fe c t  o f tem perature on c a ta la s e , S ize r (1944) 
repo rted  th a t  below 53°C th e  r a t e  o f th e  enzyme catalysed  re a c tio n  in ­
creased w ith  tem perature. Above 53°C th e  enzyme cata lysed  re a c tio n  
dropped o f f  due to  heat in a c tiv a tio n  o f th e  enzyme. Appleman and Pyfroa 
(195D stud ied  th e  e ffe c t o f l i g h t  on th e  c a ta la se  a c t iv i ty  o f sev era l 
species o f g ra in s . They found th a t  c a ta la se  a c t iv i ty  was g re a tly  de­
pressed  by blue l ig h t  and e levated  by red l ig h t .
The enzyme perox idase , in  th e  presence of hydrogen peroxide, 
c a ta ly se s  th e  ox idation  o f many phenols and arom atic amines (Lardy, 1950) 
Bonner (1 9 5 0 )  reported  th a t  peroxidase occurred u n i v e r s a l l y  or n early  
so in  p lan t t i s s u e s .
Palmer and P o rte r  (1959) in d ica ted  th a t  am itro l trea tm en t o f nut 
g rass tu b ers  in h ib ite d  germ ination and apparen tly  held  th e  a c t iv i ty  of 
peroxidase a t  about th e  same le v e l  o f a c t iv i ty  as th e  dormant tu b e rs .
The peroxidase le v e l  Increased in  gem inated  tubers to  2 .5  tim es th a t  
in  dormant tu b e rs .
G lycolic Acid Oxidase
This enzyme was f i r s t  discovered by C lag e tt a^ . (1949) • I t  was 
shown to  cata lyze  th e  ox idation  o f g ly c o lic  and L - la c t ic  ac id s  and to  be 
o f  wide spread occurrence in  th e  green p a rts  o f many p la n ts .  T olbert 
e t  a l . (1949) repo rted  th e  optimum pH fo r  th e  enzyme appeared to  be 7.6 
to  8 .6  and i t  did not break down on d ia ly s is .  At th is  tim e the  enzyme 
was re fe r re d  to  a s  alpha hydroxy a d d  oxidase.
Z e litc h  sk  a ^ . (1953, 1957, 1958, I960) have done a considerab le
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amount o f  work w ith  th is  enzyme which 1b now re fe rre d  to  as g ly co lic  ac id  
oxidase, Z e lito h  and Ochoa (1953) is o la te d  g ly co lic  acid  oxidase from 
spinach leaves in  a  h igh ly  p u r if ie d  form. The p ro s th e tio  group o f th e  
ensyme was shown to  be r ib o f la v in  phosphate.
Glyoxylic ac id  reductase  was a ls o  iso la te d  from spinach (Z e litc h ,
1953) • This enByme ca ta ly ses  th e  red u c tio n  o f g lyoxy lic  to  g ly co lic  ac id  
by reduced py rid ine  n u c leo tid e s . In  th e  presence o f  c a ta ly t ic  amounts 
o f DPN o r  TPN and g lyoxylic  o r g ly c o lic  a c id , g lyoxy lic  ac id  reductase  
can a c t ,  to g e th e r w ith g ly c o lic  ac id  ox idase , as a  hydrogen c a r r ie r  
system from reduced pyrid ine  n uc leo tide  to  m olecular oxygen. Z e litc h  
(1953) suggested th a t  t h i s  system may function  in  th e  re s p ira t io n  of 
green leav es . In  order to  evaluate  th is  assumption i t  was necessary  to  
fin d  an in h ib ito r  of g ly co lic  acid  ox idase , Z e litc h  (1957) found th a t  
th e  alpha hydroxysulfonates were very  e ffe c tiv e  and h ighly  sp e c if ic  
com petitive in h ib ito rs  o f t h i s  enzyme. He was ah le  to  show, through th e  
use o f  th ese  in h ib i to r s ,  th a t  the  g ly c o lic  ac id  content o f excised leaves 
o f  severa l p lan ts  would increase  to  more than  ten  tim es th e  normal le v e l .  
This phenomenon took p lace only in  su n lig h t. Z e litc h  measured th e  accumu­
la t io n  o f g ly co lic  acid  in  spinach, tom ato, bean, and corn p lan ts*  His 
r e s u l ts  showed le s s  accumulation o f g ly c o lic  acid  in  corn than  in  any o f 
th e  o ther th ree  p la n ts .
Z e litc h  and Barber (i960) have re c e n tly  checked th e  p o s s ib i l i ty  o f 
o x id a tiv e  phosphorylation w ith g ly co lic  ac id  as a su b s tra te . He con­
cluded th a t  spinach p a r t ic le s  which were capable o f carry ing  out oxida­
t iv e  phosphorylation w ith o ther su b s tra te s  could not do th i s  w ith g ly co lic  
acid  as th e  su b s tra te .
METHODS AND MATERIALS
I  The Herbicide
D icry l ie  a w hite powder which i s  le e s  th an  10 ppn so lub le  in  
w ater. I t  i s  so lub le  in  isophorone, p y rid in e , ace tone , and various 
a lco h o ls .
The commercial sm ulsifiab lo  concentrate  o f  d ic ry l  contains i s o -  
phorone, w etting  agen t, and an e m u ls if ie r . The ccau erc ia l p rep a ra tio n  
was used to  t r e a t  th e  p lan ts  fo r  these  s tu d ie s  un less s ta te d  otherw ise.
I I  Growth o f  P lan t M aterial
D ixie 18 corn seeds were planted  in  m etal f l a t s  which contained a 
sandy loan s o i l .  The f l a t s  were m aintained in  th e  greenhouse fo r 5 to  
6 days, a t  which tim e they  were sprayed w ith  0 and 3 lb/A  d ic ry l  in  40 
ga llons o f w ater. Immediately a f te r  the  spraying o p era tio n  th e  p la n ts  
were placed in  a growth room where the  tem perature was m aintained a t  
30°C. L ight in  th e  growth room consisted  o f a m ixture o f flu o rescen t 
tubes and incandescent bulbs and the  in te n s i ty  a t  s o i l  le v e l  was 500 
foo t candles.
I I I  P repara tion  o f Whole Tissue fo r  R esp ira to ry  Experiments
A. General Procedure
Leaves were cut from th e  corn p la n t , and i f  no subsequent t r e a t ­
ment was to  be app lied , the  m idribs were to rn  frotn th e  leaves and th e  
le a f  sec tio n s  eut in to  segments approxim ately one-fourth  inch in  len g th . 
These l e a f  p ieces were weighed and tra n s fe rre d  to  Warburg v e sse ls .
In  c e r ta in  experiments involving th e  use o f re s p ira to ry  in h ib i to r s ,
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th e  In h ib ito r  was contained in  th e  sucrose-phosphate b u ffe r which was 
added to  each flask*
b. vagmn itfflOLitrrtfag
A fter Iea7a8 had been renored from th e  p la n t a s described  above 
they  were weighed and placed in  a  beaker which contained th e  d esired  
so lu tio n  to  be vacuum in f i l t r a te d *  These beakers were placed in  a 
vacuum d esicca to r a ttach ed  to  a w ater a sp ira to r*  A vacuum was app lied  
to  the d e s ic c a to r  and then  slow ly released*  The vacuum was then  r e ­
app lied  fo r 10 m inutes, slowly re le a se d , th e  t is s u e  removed from th e  
so lu tio n , b lo tte d , and placed in  Warburg f la sk s  w ith app rop ria te  
so lu tio n s .
C. Tfceatfleqft w jjh  flM&oa ffifflMrtdS
Whenever carbon monoxide was used as an in h ib i to r ,  i t  was used 
as a m ixture which contained 95 per cent carbon monoxide and 5 per cent 
oxygen* The trea tm en t w ith carbon monoxide was performed by flu sh in g  
Warburg v esse ls  which contained th e  t is s u e  w ith approxim ately 2 l i t e r s  . 
o f  th e  gas m ixture. The stopcocks were immediately closed a t  th e  end o f 
th e  flush ing  period  and th e  manometers placed on th e  Warburg apparatus.
IV P repara tion  o f HooK>genates and Supernatants
Two grams o f th e  f i r s t  and second leaves (above th e  c o le o p tile )  from 
corn (m idrib reeioved) were s lic e d  in to  very sm all sec tio n s  w ith  a  s c a lp e l.
"'i.'
These sec tio n s  were placed in  an cauai-mixer in  10 ml o f 0*05 M potassium 
phosphate b u ffe r o f pH 5*85* Unless otherw ise s ta te d , t h i s  b u ffe r and 
pH were th e  same fo r  a l l  homogenate p reparations*  The m ixer, which was 
connected to  a  pow erstat, was operated a t  90 v o lts  fo r  10 minutes* The 
mixing v esse l was surrounded by an ic e  bath  which m aintained th e  tempera­
tu re  below 5°C* At th e  end o f th e  mixing period  18 a d d itio n a l ml of
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phosphate b u ffe r was added to  th e  homogenate.
In  c e r ta in  s tu d ies  th e  homogenate was cen trifuged  a t  1,000 xg fo r  
10 m inutes a t  0°C and th e  supernatant was used as an enzyme source,
V D eterm ination o f Oxygen Uptake and Carbon Dioxide Production
R esp ira to ry  a c t iv i ty  o f whole t is s u e  and hoaogenates was. determined 
using  a Warburg re s p iro a e te r  and conventional methods described by 
U sbreit e£ a^ . (1957) • D uplicate  f la sk s  were run fo r  each trea tm en t.
To f la s k s  in  which oxygen uptake a lone was determ ined, a  small p iece  of 
fo lded  f i l t e r  paper and 0.15 ml o f 20 per cent KOH were placed in  th e  
cen ter w e ll. F lasks which contained whole le a f  t is s u e  a lso  received
2 .0  ml o f a b u ffe r  so lu tio n  which was 0.02 M and 0.05 M w ith regard to  
sucrose and potassium  phosphate re s p e c tiv e ly .
Manometer read ings were g en era lly  recorded a t  15 to  30 minute 
in te r v a ls .  Oxygen uptake was u su a lly  expressed as QD2(N), which means 
m ic ro li te r s  o f  oxygen uptake per m illigram  o f  n itro g en .
VI E stim ation  o f  Enzyme A ctiv ity"
A. Phenol Oxidase
A 2*0 ml a liq u o t o f homogenate was placed in  th e  main compartment 
o f  a Warburg f la sk  and 0 .5  ml o f 0 .12 M catechol added to  th e  side  arm. 
Catechol was tipped  in to  th e  homogenate a f t e r  a 15 minute e q u ilib ra tio n  
p e rio d . The catochol was prepared and ad ju sted  to  pH 5.85 sh o r tly  before 
i t  was added to  th e  f la s k  
B* Cytochrome Oxidase
A 2*0 ml a liq u o t o f homogenate (prepared in  b u ffe r o f pH 7.0) was 
placed in  th e  main coapartment o f a Warburg v e s se l. O ne-half ml o f  
2 X 10"*  ̂ cytochrome c and 0 .5  ml o f 0.12 M p-phenylenediamine were placed 
in  sep ara te  s ide  arms of th e  vesse l and, follow ing e q u ilib ra tio n , tipped
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in to  th e  homogenate* Immediately before ad d itio n  to  th e  f la s k , th e  
p-phenylenediamine so lu tio n  was ad justed  to  pH 7*0.
C. S llW llt A£&
For th ese  s tu d ie s  th e  supernatant from a homogenate cen trifuged  a t
1,000 xg fo r  10 n in u te s  was used as th e  enzyme source* A 3 ®1 a liq u o t 
o f supernatan t was added to  th e  Bain canpartnent o f th e  Warburg flask  
and 0*5 Bl o f  0*14 M g ly c o lic  ac id  o r l a c t i c  acid  o f pH 7*3 was placed 
in  th e  side  a m . A fte r e q u il ib ra t io n , th e  content o f  th e  s id e  arm was 
tipped  in to  th e  Bain oonpartment and oxygen uptake recorded*
D* C atalans
A m odified procedure o f  Applceian (1951) was used* The main com­
partm ent o f th e  Warburg f la sk  received 2 ml o f H^>2 ( f in a l  concen tra tion  
10 mM)* One ml o f  d ilu te d  enzyme p repara tion  (5 -fo ld  d ilu tio n )  was. 
added to  th e  s id e  arm* The enzyme p reparation  was a supernatant from 
a hcmogenate cen trifuged  a t  1,000 xg fo r  10 minutes* A fter e q u ilib ra tio n  
in  a 20°C w ater b a th , th e  enzyme was tipped  in to  th e  main compartment and 
oxygen production recorded a t  one minute in te rv a ls  fo r  10 minutes* The 
homogenate and H2O2 were prepared in  0*20 M potassium phosphate b u ffe r 
o f  pH 7 .0 .
E* Par oxidase
The homogenate supernatant o f 1,000 xg fo r 10 minutes was used as 
th e  enzyme source* A manometric procedure given by E tto r i  (1949) was 
used. The main caapartment received  th e  follow ing: 0 .2  ml o f 5 per cant
p y ro g a llo l, 1 .5  ml of Ĥ O and 0 .2  ml o f  1 per cent H2P2* A 0*2 ml a liq u o t 
o f  enzyme e x tra c t and 0*5 ml of 0*25 M potassium  phosphate b u ffe r were 
added t o  th e  s id e  arm* A fter e q u ilib ra tio n  th e  ensyme was tipped  in to  
th e  am in  compartment and manometer readings recorded a t  one minute in te r ­
v a ls  f o r  10 minutes* A second se t o f d u p lica te  f la sk s  were included in
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which a lk a l i  and a s n a i l  p iece  o f f i l t e r  paper were placed in  th e  cen ter 
well* These a d d itio n a l f la sk s  gave an estim ation  o f  th e  oxygen pro­
duced by c a ta la se  a c t iv i ty  which had to  be accounted fo r  in  th e  t o t a l  
gas production o f th e  o ther flasks*  The a c t iv i ty  o f  peroxidase i s  ex­
pressed  in  te m s  o f  carbon dioxide production in  th e  conversion o f pyro- 
g a llo l  to  purpurogallin*
VII Techniques Employed in  Studying th e  Oxidation o f  Ascorbic Acid by Corn 
A*
A 2*0 ml a liq u o t o f  homogenate was added to  th e  main compartment o f 
a Warburg f la sk  and 0*5 ml o f  0*25 H ascorb ic  acid  was placed in  th e  s ide  
arm of th e  flask*  At th e  end o f the  e q u ilib ra tio n  period  the  manometers 
were sealed  and th e  asco rb ic  acid  tip p ed  in to  th e  main compartment which 
contained th e  homogenate* Experiments o f th i s  n a tu re  were conducted a t  
a  pH o f  5*8$ un less s ta te d  otherwise*
b . a t S a a a s s  &  B oU tas
This technique was used on se v e ra l d i f fe re n t  enaymes* I t  consisted  
o f  hea ting  th e  homogenate in  a  beaker over an open flame u n t i l  i t  s ta r te d  
to  b o i l .  B oiling was allowed to  continue fo r  2 m inutes a f t e r  i t  was 
in i t ia te d *  A fter th e  homogenate had cooled, i t  was brought back to  th e  
o r ig in a l  vo lu te  through th e  a d d itio n  o f potassium phosphate buffer*
C. F rac tio n a tio n  £ f  Homogonates by Various Speeds s tl C en trifugation  
The In te rn a tio n a l re f r ig e ra te d  cen trifu g e  and the  Spinco model L 
u l tra c e n tr ifu g e  were mtployed in  th e  f ra c tio n a tio n  o f homogenates* A fte r 
th e  homogenate was prepared i t  was cen trifuged  fo r  10 m inutes (0°C) a t
1,000 xg in  th e  In te rn a tio n a l re f r ig e ra te d  cen trifuge*  The supernatant 
was co llec ted  from th i s  step  and placed In the  Spinco model L u l t r a c e n t r i ­
fuge which was run  fo r  30 minute periods a t  speeds o f 50,000 to  1A4,000 xg.
so
The supernatan t Was removed and checked fo r  th e  o x id a tio n  o f asco rb ic  
a c id  by th e  technique described  under "Hcmogenates" (IV A*).
D* D ia ly s is
F if tee n  *1 o f  e i th e r  homogenate o r supernatan t was d ia ly sed  fo r  18 
hours in  a  r e f r ig e ra to r  (10°G) a g a in st a  0*05 M potassium  phosphate b u ffe r 
o f  pH 5*65* The b u ffe r  so lu tio n  was changed 4 and 8 hours a f t e r  d ia ly s is  
had bean in it ia te d *  D ia ly s is  was conducted in  a  bag o f  cellophane tubing* 
At th e  end o f  th e  d ia ly s in g  period  th e  homogenate o r supernatan t was 
checked fo r th e  ox idation  o f  ascorb ic  a d d  by th e  technique described 
under "Homogenates" (IT A*)*
E. Steam Treatment o f Com Plants
In  order to  see  what in ju ry  by moans o ther than a herb ic ide  would do 
to  corn , i t  was decided t o  t r e a t  corn w ith steam and then  check th e  oxi­
d a tio n  o f  asco rbate  24 hours la te r*  The treatm ent consisted  of passing 
a sm all j e t  o f  steam slow ly over each l e a f  o f  6 day o ld  corn p la n ts . The 
p la n ts  were then placed in  a growth chamber u n t i l  tim e to  check fo r 
a sco rba te  a c tiv ity *
F* Satlon  Exchange Resin
Supernatants (1,000 xg) from tre a te d  and u n trea ted  corn tis s u e s  were 
batch tre a te d  w ith A n b erlite  IB 120 in  o rder to  remove any ca tions th a t  
might a f f e c t  th e  ox idation  of asco rb ic  a d d *  The ca tio n  exchange re s in  
was prepared according to  th e  method described  bF Joselow and Dawson 
(1951b)* The r e s in  was removed from th e  m ixture by c en tr ifu g a tio n  
(500 xg)* The supernatan t was then checked fo r  ascorbate  a c tiv ity *
G. Agftlsg s i
A 10 ml a liq u o t o f  homogenate was placed in  a c ru c ib le . The c ruc ib le  
was heated slowly u n t i l  th e  l iq u id  contents had evaporated* Maximum heat 
was then  applied  to  th e  c ru c ib le  fo r  2 hours w ith an o rd inary  Bunsen
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burner* The flame was th e n  rm oved , th e  c ru c ib le s  were allowed to  cool 
and were brought back to  th e  o r ig in a l  volume w ith  potassium  phosphate 
buffer*  . The ashed homogenate was then.checked fo r  ascorbate  a c t iv i ty  
by th e  usua l method*
h .  a n  ua* s ti m & s& e s .
Potassium  cyanide, sodium d ie thy ld ith ioearbam ate  (d ie e a ) , 8 - 
hydroxyquinoline, potassium  e th y lx an th a te , and salicy laldoxim e were a l l  
used a t  se v e ra l d i f f e r e n t  mM concen tra tions a s  p o ss ib le  in h ib ito rs  o f 
th e  o x id a tio n  o f  asco rb ic  acid  by corn tis su e *  A ll in h ib i to rs  were used 
a t  a  pH o f 5*85 and in  ad d itio n  d ieea  was a lso  used a t  pH's o f 6*5 and 
7*0. According to  James (1953) a l l  o f  th e se  in h ib i to r s  a re  good ch e la to rs  
o f copper* These in h ib i to r s  were u su a lly  placed in  th e  s ide  arm and 
tip p ed  in to  th e  homogenate or supernatan t or in  some cases they  were 
p ip e tte d  d i r e c t ly  in to  th e  homogenate o r supernatant p r io r  to  e q u ilib ra ­
t io n .
lo d o a c e ta te , a  su lfhydry l in h ib i to r ,  was a lso  used a t  concen tra tions 
o f  0 .0 1 , 0 .0 5 , and 0 .1  M.
I*  P o ssib le  S u b s titu te s  fo r  Ascorbic Acid
Since Udenfriend e t a l .  (1954) found th a t  th e re  were severa l com­
pounds which could s u b s ti tu te  fo r  ascorb ic  acid  in  a  model system th a t  
ca ta ly sed  th e  hydroxylation  o f many arosm tic compounds, i t  was decided 
to  see i f  any o f  th e se  would work w ith corn tis su e *  Oehydroascorbic ac id  
and hydroqulnone were t r i e d  as su b s titu te s*  They were used a t  th e  same 
pH and a t  th e  same co n cen tra tio n  as asco rb ic  acid*
J .  E x tra c tio n  o f Cucumber Ascorbic Acid Qxidape
In  o rder to  check on some o f th e  techniques used in  measuring the 
ox id a tio n  o f  aseo rb ic  a c id  in  corn t i s s u e ,  i t  was decided to  t e s t  cucum­
ber^ a w ell known source o f  a sco rb ic  acid oxidase. Several cucumbers
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were purchased from th e  lo c a l  m arket, th e  t i p  was cu t o f f  one end and 
th e  cucumber was frozen w ith  dry i c e .  A fter th e  cucumber had been frozen  
i t  was allowed to  thaw a t  room tem perature. The " ju ice"  which dripped 
from th e  cucumber upon thawing was co llec ted  and saved a s  th e  source of 
th e  enzyme. The " ju ice"  was d ilu te d  w ith b u ffe r (4 :1  v/v) befo re  i t  was 
checked fo r  asco rb ic  ac id  oxidase a c t iv i ty .
K. Colimn Chromatography
A technique fo r column p repara tion  described  by Neher (1959) was 
follow ed very c lo se ly . A s lu r ry  o f  methanol and c e l i t e  ( Johns-M amrille) 
o r m ethanol, c e l i t e ,  and a c tiv a ted  charcoal (Darco G-60) was poured in to  
a g la ss  tube  2 cm in  diam eter and packed to  a leng th  o f  16 cm. A ll 
o pera tions were ca rr ied  out a t  room tem perature. S igh t ml o f supernatan t 
from corn homogenates were placed on th e  column. The supernatant came 
from 2 0s o f t i s s u e  which had been ground in  an omni-mixer fo r  10 m inutes 
a t  90 V w ith  10 ml of 0.05 M potassium phosphate b u ffe r o f  pH 5*35* The 
homogenate which re su lte d  Area th is  procedure was s tra in e d  through two 
la y e rs  o f cheese c lo th  and then  cen trifuged  a t  1,000  xg fo r  10 m inutes.
In  some cases th e  supernatant was e lu ted  from th e  column w ith phos­
phate b u ffe r and in  o th ers  b u ffe r followed by 10 per cent py rid ine  was 
used. Ten ml f ra c tio n s  were co llec ted  on a Reco f ra c tio n  c o lle c to r  which 
was s e t  on a volume con tro l b a s is .  In  some cases the  f ra c tio n s  were 
evaporated under vacuum a t  room tem perature fo r  2 hours and in  o th e rs  th ey  
were placed in  400 ml beakers and allowed to  evaporate to  dryness over­
n igh t in  an a i r  conditioned room. This was necessary in  o rder to  remove 
th e  a lcoho l which caused d i f f ic u l ty  in  mancmetric techn iques. The fra c ­
t io n s  were then  brought back to  the  o r ig in a l  volume w ith  phosphate b u ffe r 
so lu tio n . Each fra c tio n  was then  checked fo r  i t s  a b i l i ty  to ox id ize  
ascorb ic  a c id .
Paper Chromatography
Paper chromatography was used to  study  th e  e f fe c t  o f d ic ry l  on 
alpha amino a c id s . The paper used in  t h i s  study was Whatman number 1*
A so lven t system co n sis tin g  o f n -b u tan o l, a c e tic  a c id , and w ater (4*1:1, 
v /v /v ) was used fo r  one-dimensional chromatography. When two-dimensional 
chromatography was run , th e  second so lven t system consisted  o f  c o l l id in e ,  
lu t id in e ,  and water (1 :1 , v /v ) .  A 0.15 per cen t n inhydrin-butanol solu­
t io n  was used-to  d e tec t th e  alpha amino a c id s .
V III N itrogen Determ ination
P ro te in  n itrogen  in  hemogenates, su p e rn a tan ts , o r e x tra c ts  was 
determ ined by a m odified procedure o f  H il le r  e t  a l .  (1948) •
Three ml of th e  n itrogen  source was added to  8 ml o f d ig e s tio n  mix­
tu re  (500 ml o f HjjO /  75 g o f  NagSO^ /  500 ml concentrated HgSO^) in  a  
125 ml K jeldahl f la s k . A g ra in  o f Cu SeO^ was added to  th e  m ixture to  
serve as a  c a ta ly s t .  The sample was d igested  u n t i l  5 minutes a f t e r  c le a r ­
ing  w ith moderate h e a t. I t  was th en  allowed to  cool and 20 ml o f d i s t i l l e d  
w ater was added to  th e  f la s k .
The sample was t i t r a t e d  back to  the  o r ig in a l  co lo r w ith d i lu te  acid  
( s u lfu r ic  acid  w ith  acid  fa c to r  equal to  0 .1 2 4 ). The ml o f ac id  requ ired  
tim es 0.124 equaled th e  mg o f n itro g en  in  th e  sample.
IX S tra ig h t Growth Test
The techniques used in  th is  study  were very s im ila r to  those  described  
by N itseh and N itsch  (1956). D ixie 18 corn seeds were soaked fo r  4 hours 
in  aera ted  tap  w ater. They were th en  placed on moist f i l t e r  paper and 
exposed to  red  l ig h t  in  a m oist chamber where th e  tem perature was 25°C and 
th e  r e la t iv e  humidity was 90 per c e n t.
When th e  c o leo p tile s  were approxim ately 30 mm in  le n g th , th e  top  3 am
were removed and th e  nex t 10 am served as a ,sec tio n  fo r  th e  s tra ig h t  
growth t e s t .  The 10 am sec tio n s  were soaked in  a 1 ppm manganous s u lfa te  
so lu tio n  fo r  3 hours before  th e  follow ing trea tm en ts were app lied : 0 ,
0 .1 , 1 .0 , 5*0, and 10 .0  ppm in d o le a c e tic  ac id  (IAA) and d ic ry l  sep ara te ly  
and in  com bination. Growth measurements were made 20 hours a f t e r  th e  
sec tio n s  were sub jected  to  th e  various trea tm e n ts . A b inocular w ith an 
ocu lar micrometer was used fo r  measuring leng th  o f th e  o o le o p tile s .
X The Absorption and T ranslocation  o f D iory l When Applied to  Boots o f Corn 
Three day o ld  D ixie 18 corn se ed lin g s , which were grown in  s o i l ,  were 
tra n s fe r re d  to  Hoagland and Arnon's (1950) n u tr ie n t  so lu tio n  number 2.
The e n t i r e  experiment was conducted in  a  growth room. Four days a f te r  th e  
p la n ts  were placed in  th e  n u tr ie n t so lu tio n  d ic ry l  was applied  to  th e  
so lu tio n  a t  th e  follow ing r a te s :  0 , 1 , 5, 10, 50, 100, and 500 ppm. Ten
days l a t e r  th e  p la n ts  were harvested and ro o t and shoot dry weights taken .
EXPERIMENTAL RESULTS AND DISCUSSION
I* The Influence of Dicryl on growth of the Cam Elftafc
The f i r s t  s tu d ie s  on growth involved th e  e f fe c ts  o f  in d o le -3 -a c e tic  
ac id  (IAA), d ic r y l ,  and combinations o f  both on the  e longation  o f corn 
e o le o p ti le s . The r e s u l ts  o f th ese  t e s t s  (Figure 1) in d ica ted  th a t  
d ic ry l  caused a  a lig h t reduction  in  leng th  o f corn eo leop tiles*  There 
vas a d e f in i te  in c rease  in  elongation o f e o le o p tile s  which were t re a te d  
w ith  IAA* This s tim u la tion  o f  elongation increased  w ith in c reas in g  
concen tra tions o f  IAA. I t  i s  a lso  apparent from th e  data recorded in  
Figure 1 th a t  d ic ry l  had no in fluence  on th e  elongation  o f e o le o p tile s  
which were a lso  t re a te d  w ith IAA*
Bingham (i960) concluded from h is  work on cotton th a t  d ic ry l  could 
p o ss ib ly  a c t as a weak auxin . Since d ic ry l  d id  not cause any stim ula­
t io n  of growth o f corn e o le o p tile s  and since  i t  d id  not in te r f e re  w ith  
IAA when used in  combination, i t  appeared not to  be ac tin g  a s  a weak 
auxin  in  corn.
The next s tu d ie s  which involved th e  in fluence  o f d ic ry l  on growth 
concerned th e  absorp tion  (by roo ts) and tra n s lo c a tio n  of d ic ry l .  This 
he rb ic id e  i s  normally ap p lied  as a f o l ia r  spray to  young weed seed lin g s . 
I t s  a c t iv i ty  when app lied  to  th e  above ground po rtions of p lan ts  has 
been es tab lish ed  (P o rte r , I960); however, th e  e ffe c t o f th i s  herb ic ide  
i s  not known when app lied  to  th e  roo ts o f plants*
The r e s u l ts  of t h i s  t e s t  a re  i l lu s t r a te d  in  Figure 2* I t  i s  acknow­
ledged th a t  th e  l a s t  th re e  r a te s  applied  fa r  exceeded th e  s o lu b i l i ty  o f 




































Figure 1 . Seme e ffe c te  o f d ic ry l ,  in d o le a c e tic  ac id  (IAA) and combinations 
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Figure 2. The influence of various concentrations of dicryl (applied to  
roots in  nutrient culture) on the dry weight of roots and 
shoots of corn*
and shoots were a ffe c te d  by ro o t trea tm en t. I t  I s  a lso  apparent th a t  
1 ppm had a very marked e ffe c t on dry  weights and the  e ffe c t  semaed 
to  ta p e r  o f f  somewhat from th i s  p o in t. One of th e  moBt s t r ik in g  th in g s  
found was th a t  50 ppm appeared to  be more to x ic  than  e i th e r  100 o r 500 
ppm. This could possib ly  be due to  th e  f a c t  th a t  a t  h igher r a te s  a 
g re a t m ajo rity  o f epidermal c e l ls  a re  k i l le d  which could r e s u l t  in  a 
decreased uptake o f th e  chan ica l.
The question as to  whether or not d ic ry l  i s  tra n s lo c a te d  to  shoots 
when applied  to  roo ts  remains to  be answered. I t  has been shown th a t  
shoots a re  a ffe c te d ; however, th i s  could be a secondary e f f e c t .  The 
herb ic ide  could be a ffe c tin g  th e  roo t system only , which would cause 
a lso  an e ffe c t on th e  shoots or i t  i s  p o ssib le  th a t  d ic ry l could be 
having a d ire c t  e ffe c t on both roo ts and shoo ts. I t  was no tieed  by the  
au thor th a t  none o f th e  p lan ts  in  which th e  roo ts were tre a te d  w ith  
d ic ry l  exh ib ited  any symptoms which ch arac te rize  f o l ia r  t r e a te d  p la n ts .
I I .  R esp ira to ry  S tud ies on Control and D ic rr l T reated Corn T issue
The in fluence  o f d ic ry l  and i t s  c a r r ie r ,  isophorone, on th e  
re s p ira t io n  of corn was stud ied  fo r  an e ig h t day period a f t e r  trea tm en t 
(F igure 3 ) .  I t  was found th a t  th e  re sp ira tio n  o f co n tro l t is s u e  de­
creased s te a d ily  during th i s  e igh t day period . D icry l caused a 40 to
i
50 per cent reduction  in  re s p ira tio n  as soon as i t  was ap p lied . The * 
r a te  o f re s p ira t io n  o f d ic ry l tre a te d  t is s u e  changed very l i t t l e  during 
th e  te s t in g  period  and a f t e r  e igh t days th e  re sp ira tio n  o f t re a te d  t is s u e  
was approxim ately equal to  th a t  o f c o n tro l t i s s u e .
Isophorone was used because i t  was th e  c a r r ie r  fo r  th e  counercia l 
p repara tion  o f d ic ry l  which was used to  spray th e  p lan ts  u t i l iz e d  in  a l l  
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Figure 3* The e ffe c t o f d ic ry l  and isophorone ( th e  c a r r ie r  used in  th e  
c o m e rc la l p rep ara tio n  o f  d ic ry l)  on th e  r e s p ira t io n  o f  corn 
l e a f  tissu e*
was found to  be in te rm ed ia te  between th a t  of co n tro l and d ic ry l t re a te d  
t i s s u e  (F igure  3)*
The e ffe c t  o f  se v e ra l r e s p ira to ry  in h ib i to rs  on co n tro l and d ic ry l  
t r e a te d  corn t i s s u e  was studied* A ll o f th e se  s tu d ies  were made 4 to  
6 days a f te r  treatm ent* Sodium f lu o r id e  was used a t  a concen tra tion  
o f  10 mM. According to  James (1953) , t h i s  compound in h ib i ts  the  
form ation o f phosphopyruvic from phosphoglyceric acid* I t  was found 
th a t  con tro l t i s s u e  was in h ib ite d  35 per cent w hile tre a te d  t is s u e  was 
in h ib ite d  42 per cent (F igure 4A)* This in d ic a te d  th a t  both t is s u e s  
u t i l i z e d  th e  g ly c o ly tic  pathway in  th e i r  re s p ira tio n  and to  approxim ately 
th e  same ex ten t.
Iodoaeetlc  ac id  was used a t  a concen tra tion  of 1 mM. James (1953) 
repo rted  th a t  t h i s  compound a lk y la te d  -SH groups which occur on n a tiv e  
p ro te ins*  He s ta te d  th a t  th e  most su scep tib le  g ly co ly tic  enzyme i s  
considered to  be trio sep h o sp h ate  dehydrogenase. I t  was found th a t  co n tro l 
and tre a te d  t is s u e s  were again  in h ib ite d  approxim ately the  same amount by 
io d o ace tic  acid  (F igure 4B).
The th i r d  in h ib i to r  used was sodium azide a t  a concen tra tion  of ImM. 
The e ffe c t  o f sodium azide  i s  p rim arily  th a t  of in h ib itin g  metal oxidases 
(James, 1953)* Since e s s e n t ia l ly  th e  same amount of in h ib itio n  was ob­
ta in ed  in  both t i s s u e s ,  i t  appears th a t  approxim ately th e  same per cent 
o f  term inal oxidation o f both t is s u e s  was mediated through m etal contain­
ing enzymes (Figure 4C)»
The e ffe c ts  o f  10 mM malonic ac id  on c o n tro l and tre a te d  t is s u e s  
a re  i l lu s t r a te d  in  Figure 4D. There was only a small amount o f in h i­
b i t io n  caused by t h i s  in h ib i to r .  There did  not appear to  be any d i f f e r ­
ence between co n tro l and t r e a te d  tissu es*  The p rin c ip a l e ffe c t o f malonic 
ac id  i s  in  th e  in h ib it io n  of succ in ic  dehydrogenase.
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Figure 4* The e ffe c t  o f (A) sodium f lu o r id e , (B) iodoace tic  acid
(C) sodium a s id e , and (D) malonic ac id  on th e  oxygen uptake 
o f  c o n tro l and d ic ry l  t r e a te d  corn t is s u e s  (4  to  6 days 
a f t e r  treatm ent)*
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The most in te re s t in g  r e s u l ts  ob tained  w ith  in h ib i to r s  were recorded 
fo r  2 ,4 -d in itropheno l (2,4-DNP). At low concen tra tions t h i s  m a te ria l 
may cause stim ulation  o f  oxygen uptake w hile higher r a te s  u su a lly  in h ib i t
I
r e s p ira t io n  (James, 1953)* From Figure 5, i t  i s  apparent th a t  t re a te d
t
t i s s u e  was much more s e n s i t iv e  to  DNP than  con tro l tis su e *  This e ffe c t 
was measured over a s e r ie s  o f concen tra tions and th e  r e la t iv e  s e n s i t iv i ­
t i e s  were found to  be approxim ately th e  same w ith a l l  r a te s .  The t r e a t ­
ment w ith d ic ry l  could have caused a d iffe ren c e  in  perm eab ility  o f th e  
t i s s u e s ,  however, Bingham (I960) found exac tly  th e  opposite  e ffe c t of 
DNP on co tton .
There i s  very  l i t t l e  known about th e  mechanism o f a c tio n  o f 2 ,4-DNP, 
The re s p ira to ry  stim u la tion  w ith  t h i s  m a te ria l i s  thought to  be a t t r i ­
buted to  in h ib itio n  o f phosphorylation and form ation o f energy-rich  
phosphates (James, 1953).
Thtf^resplratory quo tien t (E.Q .) fo r con tro l t i s s u e  was found to  be 
0 ,89  while tre a te d  t is s u e  was 0.77 (2 days a f te r  tre a tm e n t) . This in d i­
cated  th a t  more nitrogenous substances were u t i l i z e d  in  re s p ira t io n  o f 
tre a te d  t is s u e .
I l l *  S tudies Concerning Seme o f th e  R esp ira to ry  Enzymes in  Control 
and D icryl Treated Corn T issues
The i n i t i a l  study which involved re s p ira to ry  enzymes was designed 
to  measure phenol oxidase and a sco rb ic  ac id  oxidase a c t iv i ty  0 to  8 days 
a f t e r  d ic ry l treatm ent* Catechol was used as th e  su b s tra te  fo r  phenol 
ox idase. This enzyme was found to  be q u ite  a c tiv e  in  com  t is s u e  and i t  
increased  in  a c t iv i ty  u n t i l  th e  p lan t was 11 days old  (F igure  6 ) , Three 
days l a t e r  the  a c t iv i ty  o f phenol oxidase had declined  u n t i l  i t  was about 
equal to  th a t  on the f i r s t  day o f measurement. Since homogenates from 
co n tro l and tre a te d  t is s u e  oxidized catecho l a t  about th e  same r a te  i t
F ig u re














5. Some e ffe c ts  o f  various concen tra tions of DNP on th e  
r e s p ira t io n  o f o o n tro l and d ic ry l  t r e a te d  corn l e a f  
t i s s u e .
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Figure  6» The ox idation  o f catechol and asco rb ic  ac id  by corn t is s u e  
which had been tre a te d  w ith  0 and 3 lb/A  d ic ry l .
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was concluded th a t  d ic ry l  had very l i t t l e  o r no e ffe c t  on the  a c t iv i ty  
o f  t h i s  enzyme. McWhorter and P o rte r  (I960) have a lso  repo rted  th a t  
phenol oxidase was q u ite  a c tiv e  in  young corn p la n ts .
A dditional evidence o f  th e  enzymatic na tu re  of th e  substance which 
caused the  ox idation  o f catechol i s  o ffe red  in  F igure 7. A fter th e  
homogenate had been bo iled  fo r  2 m inutes i t  completely lo s t  i t s  a b i l i ty  
to  ox id ise  ca techo l.
Ascorbic ac id  was used a s  a su b s tra te  fo r  asco rb ic  ac id  oxidase.
There appeared to  be no d iffe ren ce  in  th e  ox idation  of asco rb ic  acid  
by con tro l and tre a te d  t is s u e s  u n t i l  3 to  4 days a f te r  trea tm en t 
(F igure  6 ). At th i s  tim e th e re  was a sudden in crease  in  asco rba te  
a c t iv i ty  in  tre a te d  t is s u e  which continued to  r i s e  throughout th e  t e s t ­
ing  p erio d . The ox idation  of asco rb ic  acid  by corn t is s u e  w il l  be d is ­
cussed in  d e ta i l  in  Section IV o f t h i s  d is s e r ta t io n  and evidence w il l  be 
o ffe red  fo r i t s  nonenzymatic n a tu re .
An attem pt was made to  measure cytochrome oxidase a c t iv i ty  using  a 
manometric method. This method involved th e  use o f oxidized cytochrome 
c and a reducing agen t, p-phenylenedlam ine. I t  was found th a t  th e re  
was ju s t  as much oxygen taken up when p-phenylenediamine was used alone 
as th e re  was when i t  was used in  combination w ith  oxidized cytochrome c . 
Thus, i t  was concluded th a t  th e re  was no cytochrome oxidase a c t iv i ty .
I t  should be pointed out th a t  th e  use o f manometric techniques fo r 
cytochrome oxidase s tu d ies  has been sharp ly  c r i t ic iz e d  by H ill  and 
H artree  (1953).
Carbon monoxide has been used to  d is tin g u ish  between re s p ira t io n  
involving cytochrome oxidase and th a t  involving th e  copper enzymes, phenol 
ox idase , and ascorb ic  ac id  ox idase. The cytochrome oxidase -  carbon 
monoxide complex formed by th i s  treatm ent i s  s ta b le  only in  th e  dark and
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i s  d isso c ia te d  in  r i s i b l e  l ig h t*  I t  was found th a t  carbon monoxide 
caused approxim ately 40 to  50 per cent in h ib it io n  o f re s p ira t io n  (F igure  
8)* I t  was fu r th e r  found th a t  l ig h t  was not e f fe c tiv e  in  reversing  t h i s  
in h ib i t io n .  This adds a d d itio n a l evidence to  th e  manometric d a ta  th a t  
th e re  was no cytochrome oxidase a c t iv i ty .
The next re s p ira to ry  enzyme studied  was ca ta la se  which decomposes 
hydrogen peroxide to  water and oxygen (Bonner, 1950)* The a c t iv i ty  o f  
c a ta la se  was measured 2 and 6 days a f te r  d ic ry l treatm ent* I t  was found 
th a t  c a ta la se  was very a c tiv e  in  corn and th a t  th e re  was hard ly  any e f fe c t  
o f  d ic ry l on i t s  a c t iv i ty  2 days a f te r  trea tm en t. Six days a f te r  t r e a t ­
m ent, however, d ic ry l had caused a 50 per cent reduction  in  th e  a c t iv i ty  
o f  t h i s  enzyme (Figure 9A).
Peroxidase a c t iv i ty  was found to  be a ffe c te d  e s s e n t ia lly  th e  same as 
c a ta la se  due to  d ic ry l treatm ent (F igure 10A). The per cent reduction  o f 
peroxidase a c t iv i ty  was approxim ately 40 as compared to  50 w ith  catalase*  
Bingham (i960) reported  th a t  on a n itrogen  b asis  d ic ry l a ffe c te d  these  
two enzymes approxim ately th e  same way in  cotton*
Since c a ta la se  and peroxidase a re  m eta llop ro te in  enzymes which 
con ta in  hematin as th e i r  p ro s th e tic  groups, thqy should be in h ib ite d  by 
cyanide (Bonner, 1950). The use o f lnH KCN re su lte d  in  complete in h ib i­
t io n  of both enzymes (F igures 9B and; 10B),
The l a s t  re s p ira to ry  enzyme stud ied  was g ly co lic  ac id  oxidase. Ac­
cording to  Z e litc h  (1953), th is  enzyme re a c ts  w ith g ly co lic  acid  and oxygen 
to  form g lyoxy lic  acid  and hydrogen peroxide. This enzyme appeared to  be 
m oderately a c tiv e  in  young corn t is s u e  (F igure 11A). Thore appeared to  be 
very  l i t t l e  e f fe c t  o f d ic ry l on th e  a c t iv i ty  o f  t h i s  enzyme 2 days a f t e r  
trea tm en t; however, 6 days a f te r  treatm ent th e  herb ic ide  had caused a 36 
per cent reduction  in  a c t iv i ty .  This find ing  d iffe red  s ig n if ic a n t ly  from
36
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Figure 8 . The e f fe c t  o f  carbon monoxide and l ig h t  on th e  re s p ira t io n  o f 
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Figure 9. A. C ata lase  a c t iv i ty  o f corn t is s u e  2 and 6 days a f t e r  trea tm ent 
w ith d ic r y l .  B. The in h ib it io n  of ca ta la se  by laM KCN (2  days 
a f te r  trea tm e n t) .
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A* Peroxidase a c t iv i ty  o f corn t is s u e  2 arid 6 days a f te r  
treatm ent w ith d ic ry l .  B. The in h ib i t io n  o f peroxidase 
by IjbM KCN (6 days a f te r  tre a tm e n t) .
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Figure 11. A. G lycolic acid  oxidase a c t iv i ty  o f com  t is s u e  2 and 6 
days a f te r  trea tm en t w ith d ic ry l .  B. The in h ib i t io n  of 
g ly co lic  ac id  oxidase by ImM NaHSOo (2 days a f te r  t r e a t ­
m ent). ^
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Bingham (I960) who found th a t  d ie ry l  d id  not a f f e c t  th e  a c t iv i ty  of 
g ly co lic  acid  oxidase in  th e  co tton  p la n t .
Z e litch  (1955) rep o rted  th a t  a lpha  hydroxysulfonate compound# such 
as a c e ta ld e h y d e -b isu lf ite , g ly o x y la te -b is u lf ite  and b i s u l f i t e  alone were 
about equally e ffe c tiv e  in  th e  in h ib it io n  of g ly co lic  ac id  oxidase. I t  
was found th a t  1 N&HSÔ  in h ib ite d  th e  a c t iv i ty  o f t h i s  enzyme approxi­
m ately 60 per cent (F igure  11B).
IV. Jhe  Oxidation A scorbic Acid Control and D lc rr l  T reated Corn
Tissue*
The increased  ox id a tio n  o f  ascorbate  by corn homogenates approxi­
m ately 4 days a f te r  trea tm en t w ith d ie ry l  has been mentioned previously  
(S ection  I I I ,  F igure 6 ) .  S ince t h i s  appeared to  be a most s ig n if ic a n t 
find ing  i t  was decided th e  re a c tio n  should be pursued fu r th e r .
A. Tho E ffec t o f B oiling on th e  Oxidation of Ascorbate
The a d d itio n  o f  asco rba te  to  homogenates i s  considered a common 
technique fo r determ ining asco rb ic  ac id  oxidase a c t iv i ty .  A scorbate, in  
ad d itio n  to  being oxidized by a sco rb ic  acid  ox idase, can be oxidized by 
phenol oxidase, la c c a se , cytochrome ox idase, and peroxidase (Mapson,
1958). In  order to  check on th e  na tu re  o f th e  substance or substances 
responsib le  fo r  ox id iz ing  a sco rb a te , i t  was decided to  measure th e  e ffe c t 
o f  b o ilin g  on th e  re a c tio n . I t  was found th a t  b o ilin g  fo r 2 minutes 
s l ig h t ly  increased  th e  ox idation  of ascorbate  by both con tro l and tre a te d  
homogenates (Figure 12B). This in d ica ted  th e  substance responsib le  fo r 
tho  oxidation  o f ascorbate  was no t an enzyme.
B. The E ffec t o f Copper on th e  Oxidation of Ascorbate
At t h i s  s tage  o f th e  in v e s tig a tio n  th e  ox idation  o f asco rba te  was 
suspected to  be o f a non-enzymatic n a tu re  and th a t  io n s , possib ly  copper, 
were th e  cause of oxidation* I t  was found th a t  1 ppm CuSO  ̂ caused only a
Qo
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A. The in flu e n c e  o f  copper (lppm) on th e  o x id a tio n  o f 
a sc o rh ie  a c id .  B. The in flu e n c e  o f b o i l in g  and copper 
on th e  o x id a tio n  o f  a sc o rb ic  a c id  (5 days a f t e r  d ie r y l  
tre a tm e n t)  .
s l ig h t  in crea se  in  th e  o x id a tio n  o f  ascorb ate in  both c o n tro l and t r e a t ­
ed homogenates (F igu re 12A ). Copper a lso  caused a s l ig h t  in c r ea se  in  
ox id a tio n  o f  ascorb ate in  homogenates which had been p rev io u sly  b o iled  
(F igure 12B). The in c r ea se  in  o x id a tio n  o f  ascorb ate by homogenates due 
to  copper was s l ig h t  compared to  th a t  by va r io u s in organ ic  system s  
(Table 1 ) .
C. The R e su lts  o f  Heavy M etal In h ib ito r s  and a Cation Exchange 
R esin on th e  O xidation  o f A scorbate
A s e r ie s  o f  heavy m etal in h ib ito r s  were u t i l i z e d  to  fu rth er  measure 
th e  in flu e n c e  o f  io n s on th e  o x id a tio n  o f a sco rb a te . Potassium  cyan ide, 
sodium d ieth y ld ith iocarb am ate  (d ie c a ) ,  8 -h yd roxyq u in olin e, potassium  
e th y l xan th ate , and sa lic y la ld o x im e  were a l l  used at sev e r a l concentra­
t io n s  (0 ,2  to  10 raM) as p o s s ib le  in h ib it o r s .  None o f  th ese  m a ter ia ls  
caused any s ig n if ic a n t  red u ction  in  th e  ox id a tio n  o f a sco rb a te ,
McWhorter (1958) found th a t  d ieca  reduced th e  o x id a tio n  o f  ascorbate in  
corn t i s s u e  by only a very  sm all amount,
A ca tio n  exchange r e s in  (A m berlite IP. 120) was used in  an attem pt 
to  remove any c a tio n s  which might in f lu e n c e  the ox id a tio n  o f  a sco rb a te . 
I t  was found a f t e r  supernatants (1 ,0 0 0  xg) were trea ted  w ith  Am berlite 
th a t th ere  was very l i t t l e  change in  the o x id a tio n  o f  ascorb ate  (F igure  
13B), The e f fe c ie n c y  o f  th e  ca tio n  exchange r e s in  can be determined  
from th e  data i l lu s t r a t e d  in  Figure 13A.
I t  was found th a t CuSO  ̂ had the same e f f e c t  on th e o x id a tio n  o f  
ascorb ate  in  supernatants which had not been tr e a te d  w ith A m berlite as 
i t  d id  in  th ose which had been tr e a te d  w ith  the ca tion  exchange r e s in  
(F igu re 1 4 ) , I t  was concluded a t t h i s  sta g e  o f th e  in v e s t ig a t io n  th at  
th e  ox id a tio n  o f  a scorb ate  by corn t i s s u e  was not due to  an enzvme nor 
d id  i t  appear to  be ca ta ly sed  by m e ta ls .
Table I  Tho e f fe c t  o f copper on th e  oxygen uptake of inorgan ic  systems 
(pH 5*35) containing ascorbate  and ca techo l.
Inorganic System u l O2 uptake a f te r
____ _ _ 30 minute#
1. 0 .5  ml asco rba te  + 2 ml KHgPO  ̂ b u ffe r 13.5
2 0 ,5  ml asco rba te  + 2 ml KH2P0^ b u ffe r ♦ 1 ppa CuSO^ 240.0
3 0.5  ml a sco rb a te  4- 2 ml g la ss  d i s t i l l e d  H2O 1,2
4 0.5  ml catechol f  2 ml KH2P0^ b u ffe r 0 .0
5 0 ,5  ml ca techo l 4 2 ml KH2P0^ b u ffer •*> 1 ppm CuSO^ 2.0
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A* The in fluence  of a ca tion  exchange r e s in  (Am berlite IE 
120) on copper catalyzed  (nonenzymatic) ox idation  of 
ascorb ic  acid* B* The in fluence  o f a  ca tio n  exchange 
re s in  on th e  ox idation  o f asco rb ic  acid  in  supernatan ts 
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The e ffe c t o f  copper (1 ppm) on th e  ox idation  o f  ascorb ic  
ac id  by supernatan ts (1,000 xg) which had been tre a te d  with 
a  ca tio n  exchange r e s in .
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D« In v e s tig a tio n  of tho  P o s s ib i l i ty  o f Ascorbate as a Source o f 
E lec tro n s fo r th e  Reduction of Quinones
This p o s s ib i l i ty  was measured 2 and 5 days a f te r  d ie ry l treatm ent*
In  bo th  cases i t  was shown th a t  th e  ox idation  of ascorb ic  ac id  and phenol 
oxidase a c t iv i ty  were a d d itiv e  (F igures 15 and 16).
I t  was no ticed  when th e  ox idation  of ascorbate  began to  Increase  in  
t r e a te d  t i s s u e  the  p lan ts  began to  show th e  f i r s t  v is ib le  in ju ry  symp­
tom s. The f i r s t  sign  o f in ju ry  was a s l ig h t ,  general c h lo ro s is  o f th e  
lea f*  The l e a f  then tu rned  a yellow ish co lor followed by a dark brown 
during th e  next 4 to  6 days* I t  was decided to  in ju re  the  leav es by 
steam and then  measure the  ox idation  o f ascorbate by homogenates from 
t h i s  tis su e#  Twenty-four hours a f te r  th e  steam treatm ent i t  was found 
th a t  asco rba te  was oxidized much more rap id ly  by in ju red  t is s u e  than by 
c o n tro l (F igure 17).
E* D ia ly s is  S tudies
The e f fe c ts  o f d ia lyz lng  homogenates and supernatan ts pn th e  oxida­
t io n  o f asco rbate  a re  i l l u s t r a te d  in  Figures ISA and 19* The ox idation  
o f asco rba te  was reduced by d ia ly s is  in  both con tro l and tre a te d  t is s u e s .  
A ll d a ta  in  F igure 16A a re  p lo tte d  on th e  n itrogen  content o f undialyzed 
homogenates whereas in  Figure 19 the data a re  p lo tte d  on th e  n itro g en  
content of each in d iv id u a l sample. When supernatants were d ia lyzed  i t  
was found th a t  th e  n itrogen  content o f con tro l supernatan ts was 30 per 
cent le s s  th an  undialyzed and the  n itrogen  content o f d ialyzed  tre a te d  
supernatan ts was 64 per cent le s s  than undialyzed. I f  th e  d a ta  in  F igure 
19 were p lo tte d  on th e  same b a s is  as th a t  in  Figure 18A i t  would be more 
obvious th a t  th e re  was a g rea t lo ss  in  a c t iv i ty  due to  d ia ly s i s .  Since 
considerab ly  more n itrogen  was lo s t  from dialyzed tre a te d  than  from d ia ­
lyzed c o n tro l su p e rn a tan ts , i t  wa3 concluded th a t  the  treatm ent with 
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Figure  15* The e ffe c t o f adding asco rba te  and catecho l in d iv id u a lly  
and in  combination to  c o n tro l and t r e a te d  com  t is s u e  (2 
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F igure  16. The e f fe c t  o f  adding a sco rb ic  ac id  and catecho l in d iv i­
dua lly  and i n  combination to  co n tro l and tr e a te d  corn 
t is s u e  (5 days a f t e r  trea tm ent w ith d ie r y l ) .
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Figure  17« A comparison o f  ascorb ic  ac id  ox idation  in  steam tre a te d  
and c o n tro l corn tissue*
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A. The e ffe c t o f  d ia ly s is  on a sco rb ic  ac id  ox ida tion .
B. A comparison o f the  o x ida tion  o f  asco rba te  by ashed 
and nonashed homogenates from c o n tro l and d ie ry l  tre a te d  
corn t i s s u e .
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The e f fe c t  o f d ia lje iB  on th e  ox idation  o f asco rb ic  a c id . 
(The N content o f  d ia lyzed  con tro l supernatant was 30 per 
cent le s s  than  nondialyzed and th e  N content o f d ialyzed  
t r e a te d  supernatan t was 64 per cent l e s s  than  nondialyzed. 
The da ta  a re  p lo tte d  on th e  N content o f  each sample) •
t
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F. Ashing of Hcaogenates
Itrw aa decided to  measure th e  oxidation  o f  a sco rb ic  ac id  by homo- 
genates which had been ashed* I t  was assumed th a t  th e  process o f  heat­
ing  th e  homogenates fo r  2 hours in  a c ruc ib le  over a  Bunsen burner d id  
away w ith  a l l  organised forms of pro teins*  A fter th e  homogenates had 
been ashed, i t  was found th a t  they very  ra p id ly  oxidized a sco rb ic  acid  
(F igure  IBB). The oxidation  of ascorbate by ashed homogenates was con­
side red  to  be nonenzymatic* This oxidation  was thought to  be due en- %
t i r e l y  to  io n s , probably copper, which were in  th e  tis su e*
G. F rac tio n a tio n  by C en trif ig a tio n
Supernatants from homogenates, which were sub jected  to  v a rio u s 
speeds o f  c en trifu g a tio n  (1,000-144,000 x g ), were checked fo r  th e  oxi­
da tion  o f asco rba te . The in fluence  o f cen trifu g a tio n  on n itro g en  con­
te n t  of tho  various supernatan ts was a lso  determined* In  whole 
homogenates th e  n itrogen  content of tre a te d  t is s u e  was only 10 per cent 
more than  th a t  in  co n tro l t i s s u e  (Figure 20A)« A fter c e n tr ifu g a tio n  a t  
144,000 xg th e re  was 74 per cent more n itrogen  in  t r e a te d  supernatan ts 
than  in  control* This adds a d d itio n a l evidence to  d ia ly s is  experiments 
in  support of the  conclusion th a t  p ro te in s  a re  broken down in to  sm aller 
components due t o  d ie ry l  treatm ent*
The most s ig n if ic a n t  fa c t brought out by t h i s  experiment was th a t  
th e  ox idation  o f  ascorbate  waB not appreciably in fluenced  by c en trifu g a ­
t io n  (F igure 20B). The data in  t h i s  graph a re  p lo tte d  on th e  n itro g en  
content o f  th e  crude homogenate and on th e  n itrogen  content o f each in ­
d iv id u a l sample* On a n itrogen  b a s is , i t  i s  obvious th a t  as th e  n i t r o ­
gen content o f th e  sample goes down due to  c en tr ifu g a tio n  th e  a c t iv i ty  
would au tom atica lly  go up. In  considering the  a c t iv i ty  on a volume b a s is ,
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TREATMENTS: 1 -  C rude h o m o g e n a te
2 -  S u p e r n a t a n t  (1 0 0 0  x  g)
3 -  S u p e r n a t a n t  ( 4 8 ,0 0 0  x  g)
4 -  S u p e r n a t a n t  ( 9 6 ,0 0 0  x  g)
5 -  S u p e r n a t a n t  (1 4 4 ,0 0 0  x  g)
F ig u re  20. A. The in flu e n c e  o f  c e n tr i fu g a t io n  on th e  N co n ten t o f  v a rio u s  
sam ples. B. The in f lu e n c e  o f c e n tr i fu g a t io n  on th e  o x id a tio n  
o f  a sc o rb ic  a c id .  D ata a re  p lo t te d  on N co n ten t in  th e  crude 
homogenate and on th e  N co n ten t i n  each in d iv id u a l sam ple.
o f  any supernatant (1,000-144,000 x g ).
At th i s  stage  o f  th e  in v e s tig a tio n  i t  was concluded th a t  there  was 
some su b s tra te  in  th e  corn t is s u e  which was resp o n sib le  fo r th e  oxida­
t io n  o f a sco rb a te . This su b s tra te  was probably a r e la t iv e ly  s n a il  com­
pound since  i t  moved through a d ia ly s in g  membrane and i t  remained in  
th e  supernatan t a f t e r  high speeds o f  c e n tr ifu g a tio n .
H. P ossib le  S u b s titu te s  fo r  Ascorbate
The r o le  of asco rbate  in  hydroxylation o f  arom atic compounds w ith in  
a  model system has been stud ied  by Udenfriend e t a l .  (1954) and Brodie 
e t  a l .  (1954)• In  th e i r  s tu d ies  th ey  found th a t  dehydroascorbate would 
s u b s t i tu te  fo r  asco rbate  below pH 6 .5 . This p o s s ib i l i ty  was checked in  
corn t i s s u e .  There was no oxygen uptake when dehydroascorbate was added 
to  co n tro l or t r e a te d  homogenates o f corn t is s u e  (Figure 21A).
La Du (1953) repo rted  th a t  in  animal t is s u e  hydroquinone could re ­
place asco rba te  in  v i t r o  but not £n v ivo .  This p o s s ib i l i ty  was checked 
( in  v i t r o ) fo r  corn t i s s u e .  The oxygen uptake which re su lte d  from th e  
a d d itio n  o f hydroquinone to  co n tro l and tr e a te d  homogenates was very 
sm all (F igure 21B). I t  appeared th a t  n e ith e r  hydroquinone nor dehydro- 
ascorbate  could s u b s ti tu te  fo r  ascorbate in  corn t is s u e .
I .  Cucumber A scorbic Acid Oxidase
At th i s  stage o f th e  in v e s tig a tio n  i t  appeared th a t  th e  reac tio n  of 
asco rbate  w ith  con tro l and d ie ry l  t re a te d  com  t is s u e  was not a u sua l 
one. In  o rder to  check some o f  th e  techniques which had been u t i l iz e d  
thus f a r  in  th e  study i t  was decided to  e x tra c t  a known source of th e  
enzyme asco rb ic  acid  oxidase (AAO). Cucumber was se lec ted  since i t  was 
repo rted  to  contain  a  vary  ac tiv e  source of th e  enzyme (Snow and Z ilv a , 
1933) and because i t  was re a d ily  a v a ila b le .
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Figure  21. A* A comparison o f oacygen uptake in  con tro l and d ie ry l  
tr e a te d  corn t is s u e  when (A) asco rb ic  and dehydroascorbic 
acid  and (B) ascorb ic  acid  and hydroquinone were added as 
su b s tra te s .
f a s te r  than tre a te d  and 60 tim es f a s te r  th an  co n tro l homogenates of corn 
(F igure 22)• In  the  same graph i t  can be seen th a t  b o ilin g  stopped com­
p le te ly  th e  oxidation  of a sco rb a te  by cucumber e x tra c t  w hile th e  oxida­
t io n  of ascorbate  by co n tro l and d ie ry l  tr e a te d  corn homogenates was 
s l ig h t ly  increased . In  t h i s  same experiment i t  was decided to  see what 
e f fe c t  b o ilin g  would have an combinations o f corn homogenates and cucum­
ber e x tra c t .  From tho  data  i l l u s t r a t e d  in  F igure 22, i t  i s  evident th a t  
b o ilin g  in a c tiv a te d  th e  enzyme in  cucumber w hile corn homogenates (con­
t r o l  and tre a te d )  re ta in e d  th e i r  a b i l i t y  to  ox id ize  a sco rb ic  ac id .
The e ffe c t  of unboiled combinations o f cucumber e x tra c t  and corn 
homogenates can be seen in  F igure 23A, The e ffe c t  of adding th e  sub­
s t r a te s  together appeared to  be a d d it iv e . This experiment was performed 
to  check the p o s s ib i l i ty  o f in h ib i to r s  of th e  ox idation  of asco rba te  
such as those mentioned e a r l ie r  (Damordaron and N a ir, 1936, Hooper and 
Ayres, 1950, and Jackson and Wood, 1959)• From th e se  d a ta  i t  would have 
to  be concluded th a t  there  was nothing in  corn homogenates which a ffe c te d  
th e  oxidation  o f ascorbate  in  cucumber e x tra c t and v ice  v e rsa .
The next experiment involved measuring th e  in flu en ce  of d ieca on 
th e  oxidation o f ascorbate  by cucuaber e x tra c t .  Complete in h ib i t io n  of 
th e  cucumber enzyme was obtained w ith  0 ,2  mM d ieca  (Figure 23B), The 
e ffe c t  of d ieca on the ox idation  of asco rba te  by corn homogenates can 
once again be seen in  th e  same f ig u re . I t  a lso  seemed d e s ira b le  to  
measure th e  e ffe c t o f d ieca  on combinations o f cucuaber e x tra c t and corn 
homogenates. In  these  combinations d ieca  com pletely in h ib ite d  th e  
cucumber enzyme w hile th e  ox idation  o f asco rbate  by com  homogenates was 
u n affec ted .
At th is  s tag e  of th e  in v e s tig a tio n  i t  should be emphasized th a t  th e  
substance which catalyzed th e  ox idation  o f a sco rba te  in  cucumber e x tra c t
59
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F igu re 22. The e f f e c t  o f  b o il in g  on th e  o x id a tio n  o f  a sco rb ic  acid  by
corn and cucumber e x tr a c t s .  The e x tr a c ts  were used in d iv id ­
u a lly  and in  com bination.
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Figaro  23* A* Tho ox idation  o f ascorb ic  acid  by co n tro l and d ie ry l  
tre a te d  corn homogenates, cucumber e x tra c t ,  and combina­
tio n s  o f these* B. The in fluence  of d ieca on th e  oxida­
tio n  of ascorb ic  ac id  by th e  same systems as mentioned 
in  A,
Meets some of th e  most c r i t i c a l  requirem ents o f an enzyme* These a re  
th a t  th e  substance was com pletely in a c tiv a te d  upon b o ilin g  and by th e  
a d d itio n  o f an in h ib ito r*  In  a d d itio n , i t  should be re-em phasized th a t  
th ese  two trea tm en ts had no in h ib ito ry  e ffe c t  upon th e  ox idation  o f 
ascorbate  by corn homogenates or supernatants*
J .  Paper Chromatography S tud ies
Since p r io r  work had in d ica ted  nitrogenous m a te ria ls  were broken 
down in  t re a te d  t is s u e s ,  i t  was decided to  determ ine th e  id e n t i ty  o f 
some o f th ese  compounds* Through th e  use o f one and two dimensional 
chromatography i t  was found th a t  tre a te d  t is s u e  contained considerably  
more a lan in e , asparag ine, and glutam ine than  c o n tro l t i s s u e .  The Rf 
values o f these* compounds in  a butanol -  a c e tic  acid  -  w ater solvent 
were 0 .3 7 , 0 .1 3 , and 0.17 re sp e c tiv e ly , and in  a c o llid in e  -  lu tid in e  -  
water solvent thqy were 0 .17 , 0 .09 , and 0.13 re sp e c tiv e ly .
_  The in te n s i ty  o f  th e  co lo r re a c tio n  o f th e  amino acids w ith n in - 
hydrin was compared between con tro l and tre a te d  t is s u e  in  f iv e  d i f fe re n t  
t e s t s .  I t  was found th a t  co n tro l t i s s u e  contained 24 per cen t as much 
asparag ine, 42 per cent as much glutam ine, and 55 per cent as much 
a lan ine  as tre a te d  t is s u e .  The tre a te d  t is s u e  p oss ib ly  contained a 
g re a te r  content o f severa l o th er amino ac id s but th e  ones mentioned 
above were by f a r  th e  predominant ones.
The e ffe c ts  o f  a lan in e , asparag ine , glutam ine, and phenylalanine on 
th e  oxidation o f ascorbate  by c o n tro l homogenates were determined. 
Phenylalanine was added because i t  i s  an arom atic compound and could 
p ossib ly  be oxidized by means o f hydroxylation . This re a c tio n  i s  known 
to  occur in  model systems (Udenfriend e t al* 1954)• The amino ac ids 
caused no e f fe c t  a t  0.1 per cent but a t  0 .1  M phenylalanine and a lan ine  
caused no e ffe c t w hile asparagine and glutam ine caused considerable
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in h ib i t io n  (F igure 24). I t  was concluded from these  experiments th a t  
an in crease  in  a la n in e , asparag ine, and glutam ine was not involved in  
th e  increased  ox idation  of ascorbate  by tre a te d  t i s s u e .
K. The Influence  o f Iodoaceta te  on Ascorbate Oxidation 
Since only m etal complexers had been used, i t  was decided to  d e te r­
mine th e  in fluence  o f a su lfhyd ry l in h ib i to r  on th e  ox idation  o f ascor­
b a te , Io d o ace ta te , a t  concentra tions o f 0 .0 1 , 0 .05 , and 0 .1  M was used 
fo r  t h i s  purpose. The lowest concentration  o f th is  in h ib i to r  caused a 
s l ig h t  s tim u la tio n  o f oxygen uptake whereas higher ra te s  caused a marked 
reduction  in  oxygen uptake (Figure 25)• I t  should be emphasized th a t  
iodoaceta te  in h ib ite d  th e  ox idation  o f  ascorbate  considerably more than 
any o ther in h ib i to r .  I t  should a lso  be emphasized th a t  th e  concentra­
t io n s  which caused in h ib itio n  were g re a te r  than those commonly used fo r 
most in h ib i to r s .  The data  from t h i s  one in h ib ito r  ind ica ted  th a t  the  
substance resp o n sib le  fo r th e  oxidation  of ascorbate  contained su lfhydry l 
groups.
L. Influence o f G lutathione on the  Oxidation of Ascorbate 
Since a su lfhyd ry l in h ib ito r  in d ica ted  th a t  possib ly  compounds which 
contained -SH groups could be resp o n sib le  fo r th e  ox idation  o f a sco rba te , 
th e  in flu en ce  of g lu ta th io n e  on th e  re a c tio n  was determ ined. Reduced 
(GSH) and oxidized (GSSG) g lu ta th ione  a t 0,05 M was added to  con tro l and 
tr e a te d  homogenates. I t  was found th a t  n e ith e r  GSH nor GSSG caused any 
oxygen uptake when added to  th ese  homogenates. When ascorbate  was added 
to  homogenates in  th e  presence o f g lu ta th io n e , both GSH and GSSG caused 
a reduc tion  in  oxygen uptake (Figure 26) .
The presence o f -SH groups did not cause th e  expected in c rease  in  
oxygen uptake but in stead  eaused a s ig n if ic a n t  reduction . The reduction  













TIME -  MINUTES
24* The in fluence  o f severa l amino acids on th e  ox idation  of 
ascorb io  ac id  by un trea ted  corn homogenates. The concen­
t r a t io n  o f amino acids in  A was 0 .1  per cent (v /v ) and in  
B i t  was 0 ,1  M.
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Figure 25* The e ffe c t o f  iodoaceta te  on th e  ox idation  of asco rb ic  acid  
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F igure  26. The e f fe c t  o f 0.05 M reduced (GSH) and oxidized (GSSG)
g lu ta th io n e  on th e  ox idation  o f ascorb ic  ac id  by hcmoge- 
n a tes  o f co n tro l a n d d ic ry l  tre a te d  corn t i s s u e .
(F igure  26). I t  was concluded i f  i t  were p o ss ib le  fo r  th e  -SH groups 
to  cause any increase  in  oxygen uptake i t  was overidden by th e  p ro te in -  
aceous n a tu re  o f th e  molecule which i s  known to  cause In h ib itio n  of 
ox idation  o f  a sco rb a te .
M. F rac tio n a tio n  by Column Chromatography
Control and tre a te d  supernatan ts (1,000 xg) from homogenates were 
frac tio n a te d  by th e  use of a column o f c e l i t e .  E ight 10 ml f ra c t io n s , 
which were e lu ted  from th e  column w ith potassium phosphate b u ffe r , were 
checked fo r  the  oxidation  of asco rba te  by th e  usua l mancmetric technique. 
As th e  f ra c tio n s  were co llec ted  i t  was no ticed  th a t  numbers k, 5, and 6 
were o f a brownish c o lo r, w hile th e  rem ainder were c le a r . The tre a te d  
were darker than c o n tro l. When f ra c tio n s  were checked fo r  th e  oxida­
t io n  of asco rba te , i t  was found th a t  th e  ones which contained the  brown­
ish  color a lso  contained th e  g re a te s t  a b i l i ty  to  oxidize ascorbate  
(F igures 27 and 28). The wide d iffe ren ces  in  t re a te d  and con tro l frac ­
t io n s  was o f the  same order o f magnitude as i t  was in  homogenates.
A fter the  f ra c tio n s  were c o llec ted  from the  column they  were 
evaporated by two methods and brought back to  volume with b u ffer p r io r  
to  being checked fo r  th e  oxidation  o f  asco rba te . One o f these  methods 
involved evaporating th e  f ra c tio n s  under vacuum (F igure 27) and th e  
o th er involved p lacing  the  tubes which contained th e  f ra c tio n s  in  a 
container o f  w ater and b o ilin g  than fo r  2 hours (F igure 28). I t  i s  
evident th a t  prolonged b o ilin g  g re a tly  decreased th e  a c t iv i ty  o f th e  
f ra c t io n s . I t  could be concluded from th is  th a t th e  substance or aub- 
-etances responsib le  fo r  ox idation  o f ascorbate a re  su scep tib le  to  pro­
longed periods o f hea t.
The e ffe c t o f 10 mM KCN on th e  ox idation  of ascorbate  by these  
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F igure  27* The ox idation  o f  asco rb ic  ac id  by f ra c tio n s  from co n tro l 
and t r e a te d  t is s u e  which were co llec ted  from a c e l i t e  
column ( f ra c tio n s  were evaporated under vacuum). Potassium 
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FRACTIONS
The ox idation  o f ascorb ic  acid  by f ra c tio n s  from con tro l 
and tre a te d  t is s u e  which were c o lle c te d  from a c e l i te  
column ( f ra c tio n s  were evaporated by b o i l in g ) • Potassium 
cyanide was added a t  a concen tra tion  of 10 noM.
caused only a  very  s l ig h t  In h ib itio n  o f th e  ox idation  of asco rbate  In 
a l l~ f ra c tio n s  (F igures 27 and 28).
S eparation  of th e  brown co lo r from asco rb a te  a c t iv i ty  appeared to  
be th e  next s tep  th a t  should be pursued in  th e  investiga tion*  This was 
done by th e  use o f a 98 per cent c e l l t e  and 2 per cent a c tiv a te d  char­
coal column. A fte r supernatan ts were placed on the  column, ten  10 ml 
f ra c tio n s  were e lu ted  w ith b u ffe r and then  10 a d d itio n a l f ra c tio n s  were 
e lu ted  w ith  a 10 per cent pyrid ine so lu tion*  Ascorbate a c t iv i ty  came
*  * 5 -
o f f  th e  column in  f ra c tio n s  3» 4 , and 5, and th ese  f ra c tio n s  were 
c le a r  (F igure 29)* The brownish co lo r appeared in  f ra c tio n  14 and 15 
which were e lu ted  w ith 10 per cent p y rid in e .
The next experiment involved th e  e f fe c t  o f CuSO  ̂ on the  oxidation 
o f  ascorbate  by th e  above f ra c t io n s .  Some of th e  d a ta  c o llec ted  in  
t h i s  experiment a re  i l l u s t r a t e d  in  Figure 30. This f ig u re  contains 
da ta  from tre a te d  t is s u e  only as da ta  co llec ted  from con tro l t is s u e  
was very sim ilar*  I t  was found th a t  copper catalyzed  ox idation  of 
ascorbate  was g re a tly  influenced  by th e  various f r a c t io n s .  I t  can be 
seen th a t  th e  r a te  o f ox idation  of asoorbate followed the  non-copper 
catalyzed  ox idation  very c lo se ly  a t  fra c tio n s  3# 4, and 5 (F igure 30). 
The r a te  o f ox idation  of o th e r f ra c tio n s , however, remained close  to  the 
check (b u ffe r , CuSO^, ascorbate) w ith the exception of f ra c tio n s  14 and 
15. I t  should be re-emphasized th a t  f ra c tio n s  14 and 15 contained a 
brownish color and d id  not cause any app rec iab le  oxidation  o f  ascorbate 
p r io r  to  th e  ad d itio n  of copper.
A 0 .04  ml a liq u o t from each o f th e  20 f ra c tio n s  was placed on 
chromatographic paper. This was d ried  immediately and sprayed w ith 
n lnhydrin . A fter th e  paper was d ried  again i t  could be seen th a t  frac ­
t io n s  4, 5, 14 and 15 exh ib ited  considerably  more co lo r than  any o f the
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Figure  29* Ascorbic a c id  ox idation  by f ra c tio n s  Awn con tro l and 
tre a te d  t is s u e  which were co llec ted  Aron a c e l i te  (98 
per cent) -  charcoal (2 per cent) column. F ractions 
1-10 were e lu ted  w ith b u ffer and f ra c tio n s  11-20 were 
e lu ted  w ith 10 per cent py rid ine .
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Figure 30. The e f fe c t  o f copper (lppn CuSO,) on th e  ox idation  o f 
ascorbate  by severa l f ra c tio n s  which were co llec ted  
fran  a 98 per cent c e l i t e  -  2 per cent charcoal column 
( tre a te d  t is s u e  o n ly ).
f ra c tio n s  which followed f ra c tio n s  5 and 16.
I t  was concluded th a t  th e  In h ib itio n  of asco rba te  in  th ese  f ra c ­
t io n s  was due to  th e  presence of amino a c id s . This type of in h ib itio n  
has been experienced prev iously  (F igures 2A and 26). The substance or 
substances resp o n sib le  fo r  th e  ox idation  of asco rba te  a re  s t i l l  unknown. 
This in v e s tig a tio n , however, p resen ts  evidence th a t  th e  rea c tio n  i s  of 
a nonensynatic n a tu re .
SUMMARY
Sons o f th e  e ffe c ts  o f N -(3,4-dichlorophonyl) methacrylaad.de 
(d ic ry l)  on corn were in v e s tig a te d ,
D icry l caused a s l ig h t  reduction  in  leng th  of corn c o le o p tile s  
while? IAA caused a s ig n if ic a n t  increase  in  e longation , D icry l had no 
in flu en ce  on the  e longation  of c o le o p tile s  which were a lso  tre a te d  
w ith  IAA,
When d ic ry l was app lied  to  th e  ro o ts  of corn i t  was found th a t  
th e  dry  weight o f both ro o ts  and shoots was reduced.
D icry l caused a sudden decrease in the  re s p ira t io n  o f corn le a f  
t i s s u e .  The ra te  o f r e s p ira t io n  of con tro l t is s u e  s te a d ily  decreased 
during th e  te s t in g  p erio d . The e ffe c t  of isophorone was in term ediate  
between c o n tro l and d ic ry l tre a te d  t is s u e .
Sodium f lu o r id e , iodo& cetate, sodium a s id e , and malonic acid  a l l  
caused some decrease in  the  re s p ira t io n  of con tro l and tre a te d  t is s u e s .  
There d id  not appear to  be any s ig n if ic a n t d iffe ren ce  in  th e  e f fe c t  o f 
any one o f  th ese  chemicals on tre a te d  and con tro l t i s s u e .  R esp ira tion  
was stim ula ted  by low concen tra tions o f 2,4-ONP and in h ib ited  by high 
co ncen tra tions. Treated t is s u e  appeared to  be more se n s itiv e  to  DNP 
than  c o n tro l.
Phenol oxidase was th e  most a c tiv e  o f th e  term inal oxidases. 
Negative r e s u l ts  were obtained fo r  p a r t ic ip a tio n  of tho cytochrome 
system in  r e s p ira t io n  o f corn.
D icry l caused l i t t l a  e ffe c t on ca ta la se  a c t iv i ty  2 days a f te r  
treatm ent but 6 days a f te r  treatm ent i t  caused a 50 per cent reduction
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in  a c t iv i ty .  The e f fe c t  o f th e  he rb ic id e  on peroxidase and g ly co lic  
ac id  oxidase was e s s e n t ia lly  th e  same as th a t  encountered w ith  c a ta la s e .
Three t o  4 days a f t e r  corn was t r e a te d  w ith d ic ry l  th e re  was a 
sudden increase  in  th e  ox idation  of ascorbate  uhich continued to  r i s e  
throughout th e  te s tin g  period* The oxidation  o f asco rba te  by co n tro l 
and t r e a te d  t i s s u e  was s l ig h t ly  increased  by b o ilin g  th e  homogenates 
o r supernatan ts .
The ad d itio n  of CuSO  ̂ to  homogenates or supernatan ts from co n tro l 
and tre a te d  t is s u e  caused a s l ig h t  increase  in  th e  ox idation  o f asco r­
b a te .
The ox idation  of ascorbate  by c o n tro l and tr e a te d  corn t is s u e  was 
not in fluenced  by th e  presence o f  heavy m etal complaxers. Io d o ace ta te , 
however, caused considerable in h ib itio n  a t  r e la t iv e ly  high concentra­
t io n s .
The batch treatm ent o f supernatan ts w ith a cation  exchange re s in  
had l i t t l e  o r no e ffe c t on the  oxidation  of asco rb a te .
The p o s s ib i l i ty  o f ascorbate  serving as a source o f e lec tro n s  
fo r  th e  reduction  o f  quinones proved to  be negative .
D ia ly s is  s tu d ies  ind ica ted  considerably more n itro g en  was l o s t  
from d ialyzed  tre a te d  than from dialyzed  con tro l supernatan ts ; th e re ­
fo re , i t  was concluded th a t th e  treatm ent w ith d ic ry l  caused a break­
down of n itrogenous compounds.
More n itrogen  was p re c ip ita te d  in  c o n tro l than in  tre a te d  homoge- 
n a tes  which were cen trifuged  a t  1,000 to  1A4>000 xg . I t  was found th a t  
th e  same speeds of cen trifu g a tio n  had l i t t l e  e f fe c t  on the  ox idation  of 
asco rba te  by th e  supernatan ts .
I t  was found th a t  n e ith e r  dehydroascorbate nor hydroquinone could 
s u b s ti tu te  fo r  ascorbate .
The ox idation  o f asco rba te  by cucumber e x tra c t was in h ib ite d  by 
b o ilin g  and by 0 ,2  mM d ie c a . There was nothing in  corn homogenates 
which a ffec ted  th e  ox idation  o f asco rba te  in  cucumber e x tra c t and v ice  
v e rsa .
Paper chrcartography s tu d ie s  in d ic a te d  th e re  was considerably  more 
a la n in e , asparag ine , and glutam ine in  tre a te d  than  in  co n tro l t i s s u e .  
The ox idation  o f asco rba te  by homogenates from c o n tro l and tre a te d  
t is s u e  was a ffe c te d  very l i t t l e  when th ese  amino ac id s were added a t  
low concen tra tions, but a t  h igher concen tra tions glutam ine and aspara­
g ine caused some in h ib i t io n .
The e ffe c t o f  reduced (GSH) and oxidized (GSSG) g lu ta th io n e  on th e  
ox idation  of asco rb a te  was th e  same as th a t  encountered with th e  higher 
concentra tions o f amino a c id s .
When supernatan ts (1,000 xg) from homogenates were frac tio n a te d  
in to  e igh t 10 ml f ra c tio n s  by th e  use o f a column o f c e l i t e ,  i t  was 
found th a t  f ra c tio n s  4 and 5 oxidized asco rbate  q u ito  ra p id ly . These 
f ra c tio n s  were a lso  o f a brownish c o lo r . The co lor was separated from 
asco rba te  a c t iv i ty  by chromatography on a 98 per cent c e l i te  -  2 per 
cent charcoal column. Copper increased  g re a tly  th e  ox idation  o f 
ascorbate  in  a l l  f ra c tio n s  from th e  c e lite -c h a rc o a l column except th e  
ones which exh ib ited  asco rba te  a c t iv i ty  p r io r  to  the  ad d itio n  of 
copper and th e  ones which contained th e  brown c o lo r.
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